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ABSTRACT 
Our understanding of the scouring process and the current empirical design 
equations is based on laboratory data that may have exceeded acceptable blockage. 
Previous literature indicates that scour may only be significantly affected when 
blockage ratio is greater than 10%. Also, some recent literature indicates that 
blockage may have a significant effect on the scour profile for blockage ratios less 
than 10%. The objective of this study was to investigate the effect of blockage 
(wall interference) on local pier scour for circular piers in clear water conditions by 
varying channel width and pier diameter to obtain blockage ratios between 2.5% 
and 11.4%. Maintaining identical flow conditions for several blockage ratios was 
an important aspect of this study in order to maintain consistency throughout the 
experiments. An analysis of blockage for different pier sizes and relative 
coarseness, 𝐷/𝑑50, was used to provide a clearer understanding of when blockage 
effects occur in experimental study. 
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CHAPTER 1 
INTRODUCTION 
1.1 General Remarks 
Scouring is the action of water on a sediment bed, which is eroded away by the flow. The 
hydrodynamic forces in the water flow transport sediment from its resting position to a 
new location in the bed. The equilibrium state of scour occurs when the sediment motion 
is no longer influenced by the stresses caused by the fluid flow due to the new sediment 
bed geometry interaction with the flow.  
Local scour occurs when an obstruction is introduced into the flow. The obstruction 
influences the flow and the resulting sediment transport occurs because of flow 
mechanisms triggered by the obstruction. Scour can occur around structures such as 
pipelines, sluice gates, abutments and bridge piers. Bridge piers are a common 
obstruction to the flow in alluvial beds. Piers transfer the load from the bridge to a 
footing or directly to the foundation soil or rock beneath the water channel. Local scour 
around bridge piers can cause significant structural damage to a bridge by eroding the 
foundation soil and undermining the foundation. Several different modes of failure can 
occur due to scouring at the pier’s foundation such as pier tilt and even shear failure.  
The cause of over forty-eight percent (48%) of bridge failures in the past 60 years in the 
United States of America is attributed to scour and flooding resulting in scour (Wardhana 
and Hadipriono, 2003). Floods causing high velocity flow conditions during heavy 
rainfall events are recognized as the key factor for causing most detrimental scour. Other 
factors such as unanticipated channel hydraulics, improper use of design equations, 
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construction inadequacies (such as ineffective bed amouring), and changes in the 
geomorphology of the channel also contribute to the design inefficiencies of bridge pier 
scour.  
Current design equations tend to over-predict scour depth for both field and laboratory 
conditions (Williams et al., 2013). This important aspect needs to be addressed by further 
research. In addition, though extensive research has been completed over the past 60 
years, laboratory based experimental results vary widely. As such, each parameter 
affecting scour must be highly scrutinized. Ettema et al. (2011) give an excellent review 
of the factors that affect scour and how to apply common design equations (such as the 
CSU equation and the Sheppard-Melville equation). All of the commonly used equations 
available in the literature neglect the effect of blockage or wall interference. 
1.2 Objectives and Scope 
Blockage, the ratio between the pier size and channel width, is of particular interest in 
this study. This ratio provides an estimate of the wall interference effects in laboratory 
channel flows. One can find blockage corrections for wind tunnel testing of bluff bodies 
and other such studies. However, there is a severe lack of information about bridge pier 
blockage effects on scour. Researchers have not only failed to investigate the effect of 
blockage on scour geometry, but rather totally neglected this effect. Many researchers 
have used quite large cylinders in channels with blockage ratios (BR) exceeding 15%. 
Previous studies on side wall interference effects clearly indicate that there could be 
considerable effects (Ramamurthy et al., 1989). The principal objective of this study is to 
investigate the effect of blockage ratio on bridge pier scour while maintaining identical 
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flow conditions for several blockage ratios and provide a clearer understanding of when 
blockage effects can become important. 
Figure 1.2.1 shows a simple schematic of flow past a circular pier.  
 
Figure 1.2.1 – Schematic of Flow Past a Circular Pier 
 
Several parameters are important in the formation of the scour hole including depth of 
flow (𝐻), pier diameter (𝐷), channel width (𝐵), mean velocity (𝑈), and sediment size 
(𝑑50 ). Due to the empirical nature of bridge pier scour studies; there are obvious 
difficulties in establishing reliable prediction methods as scour is characterized by a long 
list of parameters. In this study, an attempt is made to eliminate or reduce the effect of 
most factors that affect the scour geometry in order to focus on the role of blockage ratio. 
A simplification of the parameters affecting scour is shown below: 
𝑃𝑖𝑒𝑟 𝑆𝑐𝑜𝑢𝑟 𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑦 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 �𝑅𝑒 ,𝐹𝑟 ,𝐻𝐷 , 𝐵𝐻 ,𝐷𝐵 , 𝑈𝑈𝑐 , 𝐷𝑑50 , 𝑆ℎ � 
Here 𝑅𝑒 , 𝐹𝑟  and 𝑆ℎ denote the flow Reynolds number, Froude number and the shape 
factor, respectively. Assuming that the effect of some of these factors can be eliminated 
or reduced, this study will focus on an analysis of the effects of blockage ratio, BR 
D 
d50 
H 
U 
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(= 𝐷/𝐵). For fully turbulent flow with a Reynolds number of 𝑅𝑒 > 10,000, the flow 
characteristics can be considered to be independent of 𝑅𝑒. For all tests in the subcritical 
flow regime, the effect of Froude Number, 𝐹𝑟, can be neglected from the analysis. The 
flow field scale, 𝐻 𝐷⁄ , is maintained in the narrow pier class or very close to narrow 
(Melville and Coleman, 2000). In Figure 1.2.2 and Table 1.2.1, equilibrium maximum 
scour depth (𝑑𝑠𝑒 ) maintains a horizontal, linear trend when 𝐻 𝐷⁄ > 1.4 , therefore 
maintaining a water height that is sufficiently large so that the scour geometry is 
independent of 𝐻/𝐷. 
 
 
Figure 1.2.2 – Influence of H/D on Local Scour Depth Expressed as dse/D (Adapted from 
Melville and Coleman, 2000) 
 
Pier Class 𝑯/𝑫 Pier Scour Dependence 
Narrow 𝐻 𝐷⁄ > 1.4 𝑑𝑠 ∝ 𝐷 
Intermediate Width 0.2 ≤ 𝐻 𝐷⁄ ≤ 1.4 𝑑𝑠 ∝ (𝐷𝐻)0.5 
Wide 𝐻 𝐷⁄ < 0.2 𝑑𝑠 ∝ 𝐻 
Table 1.2.1 – Influence of H/D on Local Scour Depth Expressed as ds/D 
d s
e/D
 
H/D /  
U/Uc 
Present test range 
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The pier shape factor, 𝑆ℎ, is neglected from the analysis by using circular cylinders in all 
the tests. Furthermore, the flow intensity is kept constant throughout the study (𝑈/𝑈𝑐 =0.86). Sediment density and fluid density are also held constant. 
This leaves pier scour geometry as a function blockage ratio, BR, and relative coarseness, 
𝐷/𝑑50. Relative coarseness, or the effect of sediment size, has been found to have little 
influence on scour depth when 𝐷 𝑑50⁄ > 50 (Ettema et al., 2011). Lee and Sturm (2009) 
conducted tests to study this effect while also using field data. Their study indicates a 
trend of scour depth dependence until 𝐷 𝑑50⁄ > 100 as shown in Figure 1.2.2. With this 
in mind, in this study, the role of BR is studied where relative coarseness is greater than 
100.  
 
Figure 1.2.3 – Influence of Sediment Size D/d50 on Local Scour Depth ds/D (Adapted from 
Lee and Sturm, 2009) 
 
D/d50 
d s
/D
 
Present test range 
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1.3 Thesis Preliminaries 
A preliminary investigation was carried out comparing results with that of Hodi (2009) 
for small blockage ratios where blockage effects on scour hole depth are normally not 
expected to be present. Tests with BRs in the ranges of 2%, 3%, and 5% were completed. 
The results at equilibrium are shown in Figure 1.3.1. Even for similar BRs, the scour 
depth and scour width changes significantly for different values of relative coarseness. 
The figure clearly shows that blockage can play an important role even at very low 
values. Further, flow intensity, 𝑈/𝑈𝑐, plays a strong role on the size and shape of the 
scour hole even for values in a narrow range between 0.76 and 0.88. Relative coarseness, 
𝐷 𝑑50⁄ , affects the size of the scour hole, particularly downstream of the pier. Therefore, 
to eliminate these factors in this study, the flow intensity is kept constant throughout the 
study and the effects of relative coarseness are kept at a minimum by choosing a 
sediment size and pier sizes that result in 𝐷 𝑑50⁄ > 100. From a collective view of the 
figure, it is clear that further studies are needed to understand the role of blockage and 
develop design equations wherein the role of blockage is minimized. 
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Figure 1.3.1 – Effect of Blockage on Scour Geometry for Different D/d50; a, b, c) Edge 
Contour Plots; d, e, f) Centerline Profiles 
 
1.4 Organization of Thesis 
The thesis is organized into five chapters and three appendices. An introduction to the 
concept of scour, blockage, and a background for this thesis study is provided in Chapter 
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1. Literature review of studies performed on bridge pier scour mechanisms and the design 
equations commonly used in modeling local bridge pier scour is provided in Chapter 2. 
The experimental setup and procedure used in this study are covered in Chapter 3. An 
analysis of the results is presented in Chapter 4. Conclusions and recommendations for 
further research are included in Chapter 5.  The Appendices provide a summary of the 
measured results, a complete list of all measurements made, and a digital copy of the 
results and videos created for this study. 
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Scour Mechanisms and Flow Field 
The flow features that affect the formation of scour around a circular cylinder have been 
described by many researchers (Melville,1975; Breusers et al., 1977; Dargahi, 1990; Dey, 
1995; Dey et al., 1995; Ahmed and Rajaratnam, 1998; Dey and Raikar, 2007; Kirkil et 
al., 2008; Ozturk et al., 2008; Ettema et al., 2011). Breusers et al. (1977) described the 
vortex systems integral to the formation of local scour as the horseshoe vortex system, 
the near wake vortex system and the trailing vortex system. Depending on the type of pier 
and free stream conditions these systems can combine or work independently to cause 
scour. As described in the Figure 2.1.1, the horseshoe vortex caused by a separation of 
the flow upstream of the pier is the main mechanism of the scouring process. This vortex 
transports sediment from upstream of the pier and then wraps around the sides of the pier 
and combines with the incoming flow to move sediment into the wake region. Wake 
vortices then move sediment from the wake region and deposit sediment downstream as 
the Karman vortex shedding occurs. 
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Figure 2.1.1 – Schematic of mechanisms contributing to scour (Rao et al., 2004) 
 
2.1.1 Upstream Region 
There has been much research focused on the region upstream of the pier since the 
horseshoe vortex is the controlling mechanism for the local scouring around bridge piers. 
The maximum scour depth also occurs at the upstream face of the pier so there is no 
surprise as to the amount of focus in this zone of the scouring process. Melville (1975) 
made some ground-breaking measurements of the velocity, turbulence, shear stress at the 
bed, and vortex shedding at different stages of scour development. He was able to 
evaluate the magnitude of the vertically downward flow upstream of the pier and the size 
of the horseshoe vortex and their association with the rate of scour.  
For a fully turbulent flow, a stagnation line forms at the upstream face of the pier with a 
decreasing pressure towards the bed (Sturm, 2001). This decreasing pressure gradient 
occurs due to the velocity profile of the approaching flow being much slower closer to 
Channel  
Horseshoe 
Vortex 
Near Wake Region 
Shed von Karman 
Vortices 
Vortex Formation 
Shear layer 
Pier 
Wake Region 
U 
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the bed. The velocity of the flow decreases toward the bed close to the no slip condition. 
The combination of the downward flow and the incoming flow around the pier results in 
a flow separation and the formation of a horseshoe vortex at the bed around the pier. 
Scour initiates at the sides of the cylinder (pier) and in the wake of the pier due to 
accelerating flow around the pier, before the horseshoe vortex upstream becomes 
dominant (Kirkil et al., 2008). 
The horseshoe vortex becomes more prevalent as the flow enters the scour hole and 
combines with the flow (Dey, 1995). The horseshoe vortex continues downstream until it 
is shed to the side of the scour hole resulting in an increase in shear forces subsequently 
resulting in sediment removal (Kirkil et al., 2008). Secondary vortices are formed in the 
area of the primary horseshoe vortex.  
Dargahi (1989) studied the flow separation upstream of a pier normal to the bed and 
provided exceptional flow visualizations of the horseshoe vortex system. He presented a 
system of at least five (5) horseshoe vortices that shed quasi-periodically and merge, 
causing high local pressure near the bed. This zone of high pressure causes the critical 
shear force on the sediment to be exceeded and initiate movement of the sediment.  
Dey and Raikar (2007) completed measurements of velocity, vorticity, turbulence 
intensity, kinetic energy, Reynolds stress, and shear force to describe the characteristics 
of the horseshoe vortex in developing scour holes. They found that a smaller, but higher 
energy horseshoe vortex exists at the beginning of the scouring process, i.e. where the 
scour depth, 𝑑𝑠, is between 0 and one-quarter of the maximum equilibrium scour depth, 
𝑑𝑠𝑒, (0 ≤ 𝑑𝑠 ≤ 0.25𝑑𝑠𝑒) and with development of the scour hole, the size of the elliptical 
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horseshoe vortex core increases and obtains higher magnitude turbulence intensities and 
Reynolds shear stresses (0.25𝑑𝑠𝑒 ≤ 𝑑𝑠 ≤ 0.5𝑑𝑠𝑒). Conversely, the magnitudes of the bed 
shear stress reduce as 𝑑𝑠 > 0.5𝑑𝑠𝑒 and thus the development of the scour hole slows until 
equilibrium (𝑑𝑠 = 𝑑𝑠𝑒) i.e. when the scour depth ceases to increase with time. Kirkil et al. 
(2008) mentions, however, that intermittent erosion and deposition of bed particles still 
occur, but the effect does not significantly alter the scour hole.  
Kirkil et al. (2008) performed Large Eddy Simulation (LES) in order to visualize the 
coherent structures around a cylindrical pier in a scour hole. They found that the number 
of necklace (horseshoe) vortices may be dependent on the pier diameter Reynolds 
number and were able to identify at least four (4) coherent quasi-stable vortices for 
𝑅𝑒 = 16,000. Ozturk et al. (2008) used Particle Image Velocimetry (PIV) to describe the 
flow details of a cylinder mounted on a flat plate. The results of this study concluded that 
as Reynolds number increased, the centre of the horseshoe vortex moved closer to the 
junction of the pier and the plate. This reduction of the vortex’s size resulted in a higher 
strength horseshoe vortex.  
2.1.2 Downstream Region 
An intrinsic mechanism in the sediment transport in the local scouring process is the 
region of the wake of the pier. Melville (1975) described the wake vortices formed by the 
separation of flow at the sides of the pier being conveyed downstream by the approach 
flow. The low pressure centre of the wake vortices act as a “vacuum cleaner”, connecting 
with the arms of the horseshoe vortex and pulling the fluid and sediment up and out of 
the wake region of the pier and depositing the sediment downstream as the wake vortices 
are shed and combine with the flow. The shedding of these Karman vortices occurs with 
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regularity at a stable state and the strength of these vortices is dependent on pier shape 
and fluid velocity. The deposition of the sediment originating from the scour hole 
coincides with the direction of the shed vortices. 
Rao et al. (2004) carried out flow visualizations of the fluid structure interactions on a flat 
bed. They found, in conformance with other researchers (Dargahi, 1989), that vortex 
shedding around the cylinder can occur in different modes. For an unchanged velocity, 
alternating Karman vortex shedding, symmetric vortex shedding, and irregular vortex 
shedding was observed. They also observed that the length of the horseshoe vortex legs 
influenced the width of the near-wake region and an increase in the wake length. The 
width of the wake decreases closer to the bed (Dargahi, 1989). Mukhopadhyay et al. 
(1999) found that vortex dislocations occurred at the higher velocity zone of the flow in 
the wake region and convected downstream. 
2.2 Parameters Affecting Scour and Current Design Equations 
Since scour has been identified as a major cause of bridge failures, significant research 
has been completed with regards to prediction methods for this mode of failure. Laurson 
and Toch (1956) created a model prototype of a bridge over Skunk River in Iowa. They 
analyzed the effect of velocity, depth of flow, sediment size, angle of attack of the flow, 
pier geometry and pier alignment. This study is one of the first extensive programs for 
live-bed scour, the result of which was a design application. They also first explained the 
equilibrium scour depth in live-bed conditions as the balance of the amount of material 
removed from the scour hole and the amount of material supplied by the sediment 
transport of the approaching flow. This equilibrium state was used to describe mean 
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depth due to the filling and digging action in the scour hole, as is the case in live-bed 
flows.  
There are obvious difficulties in establishing scour prediction equations and early 
research failed to produce reliable prediction methods due to the myriad of factors 
involved. Following Hodi (2009) and Ettema et al. (2011), the scour parameters are: 
𝑑𝑠 = 𝑓�𝐷,𝐻,𝑈,𝑔,𝜌, 𝑣,𝜌𝑠,𝑑50,𝜎𝑔,𝑆ℎ,𝐴𝑙, 𝑡� 
Pier diameter, 𝐷, pier shape, 𝑆ℎ, and pier alignment with the flow, 𝐴𝑙, are parameters 
characterizing the pier. Approach flow depth, 𝐻 , velocity of the approach flow, 𝑈 , 
acceleration due to gravity, 𝑔, fluid density, 𝜌, and kinematic viscosity, 𝑣, are parameters 
characterizing the flow. Sediment density, 𝜌𝑠, median size of the sediment particle size 
distribution, 𝑑50 , and geometric standard deviation of the sediment particle size 
distribution, 𝜎𝑔 , are parameters characterizing the sediment bed material. Time, 𝑡 , 
describes the temporal variation of scour. 
Further perform dimensional analysis on the independent variables by normalizing with 
pier diameter, velocity, and density yields: 
𝑑𝑠
𝐷
= 𝑓 �𝐻
𝐷
, 𝑈
𝑈𝑐
, 𝐷
𝑑50
,𝜎𝑔, 𝑆ℎ,𝐴𝑙� 
This functional dependence describes the variables used in most scour prediction 
equations.  
Melville and Coleman (2000) described the flow field scale as the ratio of water depth to 
pier diameter, 𝐻/𝐷. They analyzed the influence of 𝐻/𝐷 on 𝑑𝑠/𝐷 in clear water scour as 
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described in Chapter 1. They further categorized piers as either narrow (𝐻/𝐷 > 1.4) 
where the scour depth is dependent on the pier width, intermediate (0.2 ≤ 𝐻/𝐷 ≤ 1.4) 
where the scour depth is dependent on both water depth and pier width, or wide (𝐻/𝐷 <0.2) where the scour depth is dependent on the water height. The influence of the height 
of the water surface is evident from their work; a smaller water depth will result in a 
smaller horseshoe vortex formation. 
The flow intensity is the ratio between the fluid velocity and the critical shear velocity of 
the sediment,  𝑈/𝑈𝑐 . The critical shear velocity of the sediment, 𝑈𝑐 , is based on the 
particle size distribution. The condition for clear water scour refers to a flow intensity of 
approximately 𝑈/𝑈𝑐 < 1. For clear water, the critical shear velocity of the sediment is 
not achieved by the flow and thus entrainment of sediment in the fluid does not occur. 
The equilibrium scour depth in uniform sediment increases nearly linearly with velocity 
until 𝑈/𝑈𝑐 = 1 (Ettema et al., 2011). 
The relative coarseness is the ratio between pier diameter and sediment size, 𝐷/𝑑50. It is 
important for the relative coarseness to emulate conditions that would be seen in the field 
in order to maintain model similarity. Melville and Coleman (2000) described the 
influence of sediment size to be negligible when 𝐷/𝑑50 > 50. As discussed in Chapter 1, 
Lee and Sturm (2009) provided a graphical representation of the relationship of scour 
depth to sediment size for a large data set. It was shown that if 𝐷/𝑑50 > 100 there is 
limited effect on the scour depth due to scaling of the sediment size.  
The sediment non-uniformity or the geometric standard deviation of the sediment, 𝜎𝑔, is 
described in several different ways. Under armouring conditions, the presence of larger 
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sized particles significantly reduces the scour depth. As the flow intensity is increased, 
the effect that sediment non-uniformity has on scour depth is reduced (Ettema et al., 
2011). The uniformity of the sand can be described by the geometric standard deviation 
of the sediment, 𝜎𝑔 = �𝑑84/𝑑16, where 𝜎𝑔 < 1.5 is considered to be uniform (Lee and 
Sturm, 2009).  
The shape, 𝑆ℎ, of the piers in this study is circular. Several different shape factors have 
been developed for the scour prediction equations, but generally rectangular and square 
piers increase the scour depth compared to circular piers. Pier alignment, 𝐴𝑙, adjustments 
are not required for circular piers (Ettema et al., 2011).  
The leading scour prediction equations include the CSU equation and Sheppard-Melville 
equation. The Colorado State University equation, also known as the CSU equation or 
HEC-18 equation, developed by Richardson et al. (1990), which is described in USDOT 
HEC-18 (FHWA, 2012) can be written as:  
𝑑𝑠
𝐷
= 2𝐾1𝐾2𝐾3𝐾4 �𝐻𝐷0.35 𝐹𝑟0.43� 
where: 
Fr = Froude number (Fr = U (gH)0.5⁄  ) 
 K1 = Correction for pier shape (K1 = 1 for circular piers) 
 K2 = Correction for attack angle of flow (K2 = 1 for direct approach flow) 
 K3 = Correction for bed form (K3 = 1.1 for clear water scour) 
 K4 = Correction for armouring (K4 = 1 for sand bed material). 
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The CSU equation uses set correction factors for describing pier shape, attack angle, bed 
form and armouring. It is limited in that the variable parameters include only 𝐻,𝐷 and 𝑈. 
This equation is used extensively by design engineers due to the fact that it rarely under-
predicts scour, but also provides lower values of over-prediction (FHWA, 2012). 
Extensive research has been completed comparing hundreds of field measurements with 
the CSU equation. HEC-18 is recommended for both live-bed and clear water pier scour 
estimation. 
The Sheppard-Melville equation has been suggested by Ettema et al. (2011) to replace the 
existing HEC-18 equation and a variation of which is used by the Florida Department of 
Transportation (FHWA, 2012). The Sheppard-Melville equation can be written as: 
𝑑𝑠
𝐷∗
= 2.5𝑓1 �𝐻𝐷∗� 𝑓2 �𝑈𝑈𝑐� 𝑓3 � 𝐷∗𝑑50� 
where: 
𝐷∗  = effective pier diameter (based on pier shape and alignment, 𝐷∗ = 𝐷  for 
circular piers)  
𝑓1 �
𝐻
𝐷∗
� = tanh ��H
D∗
�
0.4
�  
 
𝑓2 �
𝑈
𝑈𝑐
� = �1 − 1.2 �ln � U
Uc
��
2
�  
 
𝑓3 �
𝐷∗
𝑑50
� = � � D∗d50�
0.4� D∗
d50
�
1.2
+10.6� D∗
d50
�
−0.13� . 
 
The Sheppard-Melville equation uses functions of 𝐻/𝐷∗, 𝑈/𝑈𝑐 , and 𝐷∗/𝑑50 taking into 
account the flow-pier interaction, the flow-sediment interaction, and the pier-sediment 
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interaction, respectively. A variation of the Sheppard-Melville equation has been 
developed for the Florida DOT based on the recommendations of several National 
Cooperative Highway Research Program (NCHRP) reports developed in 2011, and is 
referenced in the newest version of the HEC-18 document as an alternative to the more 
commonly used CSU equation (FWHA, 2012).  
Williams et al. (2013) compared the leading scour depth estimation methods with ten 
separate scour investigations, all of which lead to the conclusion that the majority of 
prediction methods over-predict the equilibrium scour depth. The CSU equation and 
Sheppard-Melville equation resulted in conservative predictions, yet with higher accuracy 
than most other methods.  
The Froude number, 𝐹𝑟, is the ratio between the flow velocity and the square root of the 
water height multiplied by the acceleration due to gravity, 𝑈 (𝑔𝐻)0.5⁄ . It is used in many 
prediction equations in order to include the effect of the flow velocity. Hodi (2009) 
studied the role of densimetric Froude number, 𝐹𝑑 = 𝑈 �((𝑆𝐺 − 1)𝑑50𝑔)⁄ , and found 
that it produces a significant influence on scour geometry in that a small change in 𝐹𝑑 
could alter the scour depth significantly.  
Ettema et al. (1998) remarked that there are similarity constraints with regards to scaling 
laboratory experiments to practical field cases. They further suggested that additional 
field research is required and that increased use of computational fluid dynamics (CFD) 
should be undertaken to refine the current scour prediction equations. 
Due to advancements in both the flow measurement technologies, the coherent highly 
three-dimensional (3D) flow structures that work to cause scour around bridge piers can 
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be visualized and better understood. Flow measurement technologies such as particle 
image velocimetry (PIV), laser doppler anemometry (LDA), and acoustic Doppler 
velocimetry (ADV) have been used in many recent studies to visualize flow structures 
resulting from scour. 
2.3 Blockage 
Blockage (also termed wall interference) refers to the influence of the side walls of a test 
section on the results. Chiew (1984) suggested an acceptable BR of 𝐷/𝐵 < 10% in order 
to not significantly affect the flow characteristics and thus change the outcome of the 
scour profile. Hodi (2009) determined that there is sufficient evidence to conclude that 
blockage ratios may have exceeded acceptable levels in previous pier scour experimental 
programs of various widths and blockage ratios, the results of which have been used to 
develop scour prediction equations. Figure 2.3.1 shows a photograph from Sheppard et al. 
(2004) with a BR of 15%. As seen in the figure, significant sidewall effects are present 
since the scour occurs in very close proximity to the sidewall.  
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Figure 2.3.1 – Large Scale Test, D/B = 0.15 (Sheppard et al., 2004) 
 
Larger scour formations and maximum depth are found to occur in a narrower flume with 
a larger blockage ratio, when all other conditions are kept constant (Hodi, 2009). 
Previously, blockage effects were considered to be absent for 𝐷/𝐵 < 10%. However, as 
blockage ratio is increased, greater differences in scour geometry were observed and 
these extensive blockage effects are seen at relatively small blockage ratios (2.2% <
𝐷/𝐵 < 5.0%) in Hodi’s study. This means that sidewall effects on the sediment bed 
could occur even when the blockage ratio is small, as demonstrated in Chapter 1. 
Scour 
Scour hole and 
deposition close 
to sidewall 
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CHAPTER 3 
EXPERIMENTAL SETUP AND METHODOLOGY 
3.1 Experimental Setup 
The experiments were conducted in the Hydraulic Engineering Laboratory at the Ed 
Lumley Centre for Engineering Innovation, University of Windsor. The tests for this 
study were conducted in a rectangular flume 12 m long, 1.22 m wide and 0.91 m deep. 
Figure 3.1.1 shows a schematic of the flume. The sidewalls of the flume are made of 
smooth, clear acrylic. A sediment box (3.65 m long, 0.225 m deep and spanning the 
width of the flume) was located inside the flume. The box contained sand that was 
leveled flush with the top of the box.  
The flume utilized a variable speed pump in a closed loop system drawing fluid from the 
downstream reservoir and discharging to the upstream settling tank. A flow straightener 
was located at a section upstream of the bed in order to reduce transverse fluid movement 
and turbulence levels. The fluid then passed over a 2.45 m long ramp with an 8% slope 
connecting to the sediment box. A flow trip composed of coarse grain was used to trip the 
boundary layer and enable the evolution of a fully developed flow ahead of the pier. The 
flow continued past the pier, over the length of the sediment bed and into a sand trap. The 
entrained sand settled in the sand trap and the clear fluid then passed over an adjustable 
gate and into the downstream reservoir returning to the pump. 
Bridge pier models consisted of steel cylinders with diameters ranging from 69.9 mm to 
120.7 mm, aluminum cylinders with diameters ranging from 60.0 mm to 30.0 mm, and an 
acrylic cylinder with a diameter of 100.8 mm. All cylinders were polished to have a 
 22 
 
smooth surface texture. The cylinders were plumbed vertically normal to the bed, and 
mounted in the flume at a location 1 m downstream from the ramp / box interface. The 
piers were of adequate height to extend from the bottom of the sand bed and penetrate 
above the surface of the water. 
The channel width was altered by inserting 5 mm thick, smooth, high-density 
polyethylene walls into the sand bed (see Fig. 3.1.2). The leading edges of the walls were 
chamfered to create an edge that permits the flow to pass without major disturbance. The 
walls extended the entire length of the sediment box and were of adequate height to 
extend from the bottom of the sand bed past the water surface. The walls were plumbed 
vertically normal to the bed and spaced such that the pier remained centered in the flume 
and the walls were equidistant from the permanent acrylic sidewalls of the flume. 
Altering the channel width in this manner produced the capability to replicate blockage 
ratios for different pier diameters as shown in Figures 3.1.2 and 3.1.3.  
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Figure 3.1.1 – Schematic of Flume Setup 
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Figure 3.1.2 – Channel Cross-Section 
 
 
 
Figure 3.1.3 – Photo of Experimental Setup 
 
Pier 
Adjustable walls 
Bracing was 
provided at the top 
of the walls during 
testing to ensure 
proper spacing and 
alignment. 
Sand Bed 
Original flume walls 
Water level 
Sidewall 
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3.2 Sediment Material 
The sediment bed consisted of commercially available sand. An ASTM sieve analysis 
(Fig. 3.2.1) was performed to determine the grain size, 𝑑50 , to be 0.51 mm. The 
uniformity of the sand was determined by evaluating the geometric standard deviation of 
the sediment, 𝜎𝑔 = �𝑑84/𝑑16 = 1.19, where 𝜎𝑔 < 1.5 is considered to be uniform (Lee 
and Sturm, 2009). 
 
Figure 3.2.1 – Sieve Analysis of Sediment with d50 = 0.51 mm 
 
To maintain model similarity, relative coarseness, or the effect of sediment size, has been 
found to have little influence on scour depth when 𝐷/𝑑50  > 100. With this in mind, the 
effect of BR is investigated in this study where the relative coarseness is greater than 100 
(except for tests A1 and A2 in Table 3.5.1).  
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3.3 Hydraulic Conditions 
Each test was conducted until the equilibrium scour condition was reached. This occurred 
for durations of 48 hours or greater. The equilibrium state occurs when there are no 
significant changes to the scour geometry as the time increases. Researchers employ 
several different methods to obtain the duration for scour equilibrium to be reached. Diab 
et al. (2010) achieved equilibrium when the scour depth erosion rate was less than the 
mean sediment grain size, 𝑑50, per one (1) hour. In this study, the time to equilibrium was 
investigated by performing a temporal study of scour for the sediment and the 69.9 mm 
pier. Scour depth was measured after 3, 6, 12, 24, 48, and 72 hour durations. As shown in 
the discussion in Chapter 4, tests were determined to reach an equilibrium state by 48 
hours.  
In order to maintain clear water conditions for this study, the flow velocity, 𝑈, used for 
tests was 0.24 m/s, approximately 86% of the observed critical velocity, 𝑈𝑐, for initiation 
of movement of the sediment. The Shields curve (Ponce, 1989) was also used to correlate 
the critical velocity with the observed results.  
The flow depth in the tests was maintained at 0.12 m. With this depth, an aspect ratio 
(𝐵/𝐻) of greater than six was maintained throughout the tests in order to minimize the 
role of secondary currents (Nezu and Nakagawa, 1993). This limited the value of 𝐻 to be 
no less than 0.12 m. Also with this flow depth, the flow field scale (𝐻/𝐷) is maintained 
in the narrow pier class (or very close to narrow), as described in Chapter 1 and Chapter 
2. The water height is sufficiently large so that the scour depth is dependent on pier 
diameter and not the height of the water itself.  
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Blockage ratio was varied by changing pier diameter and the width of the channel. BRs 
were replicated using different combinations of pier diameter and flume width. 
3.4 Experimental Methodology 
The sediment bed was carefully troweled and leveled, and then saturated with water to 
ensure the removal of air bubbles. The water level was increased to the required height 
and the pump was started. The fluid velocity was then slowly increased until operating 
speed was obtained. The water level was then verified and changed, if necessary, using 
the adjustable gate. Time lapse video was recorded for each test in order to monitor the 
scour progress. The tests were carried out until an equilibrium state was reached. 
Following this, the flume was then slowly drained to measure the scour geometry. 
The scour geometry features such as the scour depth, width, length and deposit features 
were measured using a Leica DISTO E7400x digital laser point gauge, as shown in 
Figure 3.4.1. The point gauge was mounted on a motorized traverse system that was used 
to accurately place the point gauge over a position on the sediment bed. The centreline 
profile, edge contour, mid-line profile and a cross-section of the resulting scour were 
measured (Figure 3.4.2).  
A Nortek acoustic Doppler velocimeter (ADV) was used to measure velocity in the 
approaching flow and to ensure the velocity of the flow remained constant throughout the 
experiments (Figure 3.4.3). Seeding particles were released into the system in order for 
the submerged probe to measure the Doppler shift and output the velocity measurements 
on a computer screen using Vectrino II software. The velocity measurements were logged 
and analyzed for each experiment.  
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Figure 3.4.1 – Photo of Laser Setup and Measurement 
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Figure 3.4.2 – Centerline Profile and Plan View of a Typical Scour Hole and Deposit Region 
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Figure 3.4.3 – Photo of ADV Setup 
 
3.5 Experimental Program 
In order achieve the objective of the study, it was important to replicate BRs for different 
pier diameters and relative coarseness values. The different series of tests are indicated in 
Table 3.5.1. Two A-series tests were completed with a 30 mm pier in order to provide 
preliminary testing for comparison with the results of Hodi (2009). One P-series test was 
completed using sediment grain size similar to that of Hodi (2009). Sixteen E-series tests 
were completed that maintained hydraulic conditions and sediment material similarity as 
described earlier. Test E5 was also completed over 3, 6, 12, 24, 48 and 72 hour durations 
in order to obtain a description of the time variation of scour and the point at which 
equilibrium scour is reached.  
Vectrino ADV 
ADV probe 
Motorized bi-axial 
traverse 
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Test 
No. 
Test Characteristics Dimensionless Variables 
Pier 
Diameter, 
D (mm) 
Flume 
Width, 
B 
(mm) 
Depth, 
H 
(mm) 
Velocity, 
U (m/s) 
d50 
(mm) 
Test 
Duration 
(hrs) 
U/Uc 
D/B 
(%) D/d50 H/D  B/H Re Fr 
A1 30.0 1216 120 0.24 0.51 48 0.86 2.5 59 4.0 10.1 7200 0.22 
A2 30.0 1016 120 0.24 0.51 48 0.86 3.0 59 4.0 8.5 7200 0.22 
E1 120.7 1216 120 0.24 0.51 72 0.86 9.9 237 1.0 10.1 28956 0.22 
E2 100.8 1216 120 0.24 0.51 72 0.86 8.3 198 1.2 10.1 24192 0.22 
E3 88.9 1216 120 0.24 0.51 72 0.86 7.3 174 1.3 10.1 21336 0.22 
E4 79.4 1216 120 0.24 0.51 72 0.86 6.5 156 1.5 10.1 19050 0.22 
E5 69.9 1216 120 0.24 0.51 72 0.86 5.7 137 1.7 10.1 16764 0.22 
E6 88.9 1066.8 120 0.24 0.51 48 0.86 8.3 174 1.3 8.9 21336 0.22 
E7 79.4 1066.8 120 0.24 0.51 48 0.86 7.4 156 1.5 8.9 19050 0.22 
E8 69.9 1066.8 120 0.24 0.51 48 0.86 6.5 137 1.7 8.9 16764 0.22 
E9 100.8 1016 120 0.24 0.51 48 0.86 9.9 198 1.2 8.5 24192 0.22 
E10 79.4 952.5 120 0.24 0.51 48 0.86 8.3 156 1.5 7.9 19050 0.22 
E11 69.9 952.5 120 0.24 0.51 48 0.86 7.3 137 1.7 7.9 16764 0.22 
E12 88.9 901.7 120 0.24 0.51 48 0.86 9.9 174 1.3 7.5 21336 0.22 
E13 69.9 850 120 0.24 0.51 48 0.86 8.2 137 1.7 7.1 16764 0.22 
E14 79.4 800.1 120 0.24 0.51 48 0.86 9.9 156 1.5 6.7 19050 0.22 
E15 69.9 705 120 0.24 0.51 48 0.86 9.9 137 1.7 5.9 16764 0.22 
E16 60.0 1216 120 0.24 0.51 48 0.86 4.9 118 2.0 10.1 14400 0.22 
P1 100.8 900 100 0.27 0.85 72 0.84 11.2 119 1.0 9.0 27216 0.27 
Table 3.5.1 – Test Conditions 
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CHAPTER 4 
RESULTS AND ANALYSIS 
4.1 Physical Observations of the Scour Process 
The plan view and centreline profile of a typical scour hole and deposit region resulting 
from a circular pier scour experiment is shown in Figure 3.4.2. The profiles in the 
forthcoming graphs are plotted on a Cartesian coordinate system with the origin located 
at the centre of the pier. Important variables in the figure include pier diameter (𝐷), 
channel width (𝐵), water height (𝐻), scour hole depth (𝑑𝑠), scour hole width (𝑆) and 
scour hole length (𝑇). 
First, a physical description of the observed scour process is provided. When the flow is 
established, sediment movement is initiated at the sides of the cylinder. This is due to the 
increased velocities along the separating streamlines. Further, the formation of the 
horseshoe vortex in the stagnation zone ahead of the cylinder aids in removing the bed 
particles. Sediment removal continues from the upstream of the pier and is deposited on 
the downstream side of the pier. Within about 0.5 hours, a coherent and recognizable 
scour hole is formed. The scour hole increased in depth and width at a nearly linear rate 
for approximately 6 to 12 hours. The downstream edge of the scour hole continues to 
expand as the rate of sediment removal decreases.  
The area of deposition continues to expand downstream and creates ancillary dune-like 
structures in the bed. The dunes traveled downstream and toward the side walls of 
channel. In some tests this happened asymmetrically, but as scour progressed the 
deposition area became symmetric across the centreline of the flume. Large sediment 
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removal patterns propagated near the wall as the tests continued to progress past 24 
hours. By 48 hours, very little sediment was transported out of the scour hole to the 
deposition region and the change in the depth of scour nearly stopped. The deposition 
region continued to expand downstream with the creation of more, larger sized dunes.  
Visual observations of fluid flow were obtained using dye injection. When dye was 
injected sufficiently close to the sediment bed upstream of the pier, it was observed that 
the dye would progress downward at the pier and disperse within the upstream section of 
the scour hole. This confirms the existence of the horseshoe vortex system within the 
scour hole. With upstream dye injection at locations 𝑦/𝐻 >  0.1, the dye no longer 
became entrained into the scour hole and simply shed to the sides of the cylinder with no 
movement in the vertical direction until it reached the wake region of the flow. Dye was 
injected at the side of the pier where the path lines flowed downstream toward the 
downstream face of the scour hole. The path lines then continued in an upward direction 
and culminated downstream of the pier and combined with vortex structures shed from 
the pier. 
Photographs in Figures 4.1.1, 4.1.2 and 4.1.3 show the scour formations in each of the 
completed tests. The resulting equilibrium scour formations are mostly symmetrical 
about the x-axis except in Test A2 (Figure 4.1.1b), where the dunes reach the wall sooner 
on the right. A similar occurrence was observed in Test A1 (Figure 4.1.1a) and Test E14 
(Figure 4.1.3d) except not to the extent as seen in Test A2 and the dunes reach the wall 
on the left first. The asymmetry seen is attributed to the flow-pier-sediment interaction 
near the onset of scour. If Tests A1, A2, or E14 were to be repeated, the dunes may reach 
the wall symmetrically or asymmetrically with no left or right wall bias once the 
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equilibrium scour depth is reached. If all the tests were run for an infinite amount of time, 
the scour and dune region geometry would most likely be symmetrical.  
As can be expected, the size of the scour hole increases as pier diameter increases due to 
larger, higher energy horseshoe vortices being created and due to the occurrence of larger 
separating streamline velocities. This is clear when one compares Figure 4.1.1a with 
Figure 4.1.1c. Downstream of the scour hole and to the sides of the main sediment 
deposit, undulating scour/deposition dunes are created and reach the wall of the channel 
as they are transported downstream. These are primarily formed due to the wake vortices. 
In Figures 4.1.1a, 4.1.2b,c,d,e,f and 4.1.3a,b,c,d,e walls were inserted into the flume to 
alter channel width. For Test E15 with a BR of 9.9%, the scour hole came very close to 
the side walls as seen in Figure 4.1.2e.  
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a) Test A1 
 
b) Test A2 
 
 
c) Test E1 
 
 
d) Test E2 
 
 
e) Test E3 
 
 
f) Test E4 
 
Figure 4.1.1 – Photos of Equilibrium Scour for Tests a) A1, b) A2, c) E1, d) E2, e) E3, f) E4 
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a) Test E5 
 
 
b) Test E6 
 
 
c) Test E7 
 
 
d) Test E8 
 
 
e) Test E9 
 
 
f) Test E10 
 
Figure 4.1.2 – Photos of Equilibrium Scour for Tests a) E5, b) E6, c) E7, d) E8, e) E9, f) E10 
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a) Test E11 
 
 
b) Test E12 
 
 
c) Test E13 
 
 
d) Test E14 
 
 
e) Test E15 
 
 
f) Test E16 
 
Figure 4.1.3 – Photos of Equilibrium Scour for Tests a) E11, b) E12, c) E13, d) E14, e) E15, 
f) E16 
Flow Flow 
Flow Flow 
Flow Flow 
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4.2 Temporal Variation 
Many studies have been completed to model the time variation of scour. Methods for 
obtaining equilibrium scour have been explained in Chapter 3, but time variation can be 
affected by many parameters including sediment size, fluid velocity and pier size. 
Therefore, a time variation study was completed for this experimental program in order to 
determine the optimal test duration. Figure 4.2.1 displays the centreline profiles and scour 
contour for the time variation for 𝐷 = 69.9 mm pier with a low BR of 5.7%. This BR was 
chosen so as to minimize any expected blockage effects. 
 
Figure 4.2.1 – Centreline Profiles of 69.9 mm Pier Time Series for 3, 6, 12, 24, 48, and 72 
Hour Durations 
 
As seen in the centreline profiles (Figure 4.2.1), the depth of scour increases rapidly 
within the first 3 to 6 hours. The maximum scour depth is reached within 12 hours. The 
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deposit region and peak continues to move downstream. Between 24 hours and 48 hours, 
the deposition region begins to erode and decrease in height. The downstream edge of the 
scour hole then stops increasing in size at 48 hours.  
The scour depth in this study does not change by a significant amount after 12 hours. As 
shown in Figure 4.2.2a, a somewhat asymptotic state in the depth of scour is reached 
between 12 and 24 hours. A similar trend was observed for the scour width (Figure 
4.2.2b), where the scour width does not increase after 24 hours. On the basis of these 
results, in this study, tests were conducted for at least 48 hours to ensure that equilibrium 
was reached. 
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Figure 4.2.2 – Time Variation of Scour 
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A review of the time-lapse videos also showed the scour hole width and depth do not 
increase by a significant amount after 12 to 24 hours. The deposition region continued to 
change in shape and extent. The time-lapse videos are appended to this document in 
compact disc format and can also be viewed online at: 
• http://www.youtube.com/watch?v=JNneB3nhXNc 
• http://www.youtube.com/watch?v=U8wZ3NuWldg 
• http://www.youtube.com/watch?v=CSvUZmpc67U 
• http://www.youtube.com/watch?v=lB-LFZAJJIA 
• http://www.youtube.com/watch?v=EgBIpRjM4y8 
• http://www.youtube.com/watch?v=DLpEr522-pk 
• http://www.youtube.com/watch?v=1IN-n3nTxcI 
• http://www.youtube.com/watch?v=FKcdXCVYh3Y 
• http://www.youtube.com/watch?v=8AGytqRLClA  
In each of the videos, the view presented is looking into the cylinder from the 
downstream.  
4.3 Effect of Blockage 
Figure 4.3.1 provides a non-dimensional plan view of the perimeter of the scour holes 
and the deposits for tests with identical pier diameter and relative coarseness. The 
location of the side walls are also indicated by solid lines on the figures. The x-axis and 
y-axis are normalized by the pier diameter.  
Figure 4.3.1a shows the scour geometry caused by a pier with 𝐷 = 30.0 mm at 𝐷 𝑑50⁄ =59. The blockage ratio marginally increased from 2.5% to 3.0%. Even for a small change 
in BR, important differences can be noticed in the plan view of the scour geometry such 
as changes in the scour width and shape. 
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Figure 4.3.1b and Figure 4.3.1c show the scour geometry caused by a pier with 𝐷 = 69.9 
mm and 𝐷 𝑑50⁄ = 137. In Figure 4.3.1b, the scour profiles have not reached the side 
walls of the flume for 𝑥/𝐷 < 8. However, in Figure 4.3.1c, the scour profiles reach the 
side walls as indicated by the horizontal lines in the figure. At a fairly large 𝐷 𝑑50⁄  (equal 
to 137, when relative coarseness is not expected to have an effect) a change in blockage 
ratio causes an increase in scour. At 𝑥/𝐷 = 8, the width of the scour region tends to get 
smaller with an increase in BR. This is mainly due to the effect of the scour reaching the 
side walls at some further value of 𝑥/𝐷. 
Comparing the geometry at 𝐷/𝐵 =  8.2% and 9.9%, the higher blockage once again 
produces an increase in the scour dimensions. It should be noted that at 𝐷/𝐵 = 9.9%, the 
scour reaches the side walls earlier. It is clear that the extent of scour is influenced by 
blockage ratio. A higher value of BR tends to produce larger scour while also results 
influencing the location of where the scour reaches the side walls. 
In Figure 4.3.1d, scour caused by a pier with 𝐷 = 79.4 mm (𝐷 𝑑50⁄ = 156) is presented. 
The results show that the size of the scour hole upstream and downstream of the cylinder 
is more or less similar. Any changes noticed in the perimeter of the region found 
downstream are due to the variation in the location of the scour first meeting the side 
walls. 
Figure 4.3.1e shows the scour geometry caused by a pier with 𝐷 = 88.9 mm (𝐷 𝑑50⁄ =174). The scour length upstream of the pier is smaller at a BR of 9.9%. This is consistent 
with the fact that, at these blockages, the scour reaches the side walls earlier and explains 
the geometry changes for different BR for the same pier. 
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In Figure 4.3.1f, the results for a pier with 𝐷 = 100.8 mm (𝐷 𝑑50⁄ = 198) are consistent 
with the description noticed in 4.3.1e. 
 
Figure 4.3.1 – Scour Hole and Deposition Contour Plan Views for Constant D/d50 
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Figure 4.3.2 provides a non-dimensional centreline profile of the scour holes and the 
deposits for tests with identical pier diameter and relative coarseness. The x-axis and z-
axis are normalized with respect to pier diameter. The title of each of the figures indicates 
the pier size and corresponding relative coarseness.  
Figure 4.3.2a shows the scour centreline profile caused by a pier with 𝐷 = 30.0 mm at 
𝐷 𝑑50⁄ = 59. The blockage ratio was marginally increased from 2.5% to 3.0%. Even for 
a small change in BR, important differences can be noticed in the profile of the scour 
such as changes in the maximum equilibrium scour depth. 
Figure 4.3.2b and Figure 4.3.2c show the scour profile caused by a pier with 𝐷 = 69.9 
mm and 𝐷 𝑑50⁄ = 137. In Figure 4.3.2b, the scour depth increases with increasing BR. 
At a fairly large 𝐷 𝑑50⁄  (equal to 137, when relative coarseness is not expected to have an 
effect) a change in blockage ratio causes an increase in scour. As described for Figures 
4.3.1b and 4.3.1c above, this is mainly due to the effect of the scour reaching the side 
walls at some further value of 𝑥/𝐷. 
In comparing the profiles for 𝐷/𝐵 = 8.2% and 9.9%, the higher blockage once again 
produces an increase in the scour depth. It is clear that the extent of scour that, at 𝐷/𝐵 = 
9.9%, the scour reaches the side walls at a smaller value of 𝑥/𝐷. It is influenced by 
blockage ratio. A higher value of BR tends to produce larger scour. 
In Figure 4.3.2d, scour caused by a pier with 𝐷 = 79.4 mm (𝐷 𝑑50⁄ = 156) is presented. 
The results show that the depth of the scour hole upstream and downstream of the 
cylinder is more or less similar. Any changes noticed in the perimeter of the region found 
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downstream are due to the variation in the location of the scour first meeting the side 
walls as described for Figure 4.3.1d. 
Figure 4.3.2e shows the scour profile caused by a pier with 𝐷 = 88.9 mm (𝐷 𝑑50⁄ =174). The scour depth upstream of the pier is smaller at a BR of 9.9%. This is consistent 
with the fact that, at these blockages, the scour reaches the side walls earlier and explains 
the geometry changes for different BR for the same pier. 
In Figure 4.3.2f, the results for a pier with 𝐷 = 100.8 mm (𝐷 𝑑50⁄ = 198) are consistent 
with the description noticed in 4.3.2e. 
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Figure 4.3.2 – Scour Hole and Deposition Centerline Profiles for Constant D⁄d50 
 
Figure 4.3.3 provides a non-dimensional plan view of the perimeter of the scour holes 
and the deposits for tests with identical blockage ratios. The location of the side walls are 
also indicated by solid lines on the figures. The x-axis and y-axis are normalized with 
respect to pier diameter.  
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In Figure 4.3.3a, the scour caused by a BR of 6.5% is presented. Two 𝐷 𝑑50⁄  are 
analyzed for this BR. The scour width, length and shape are nearly identical for both 
𝐷 𝑑50⁄ = 137 and 156. The dune region reaches the side walls sooner for 𝐷 𝑑50⁄ = 156, 
consistent with the fact that the sediment particles are relatively finer. 
In Figure 4.3.3b, the scour caused by a BR of 7.3% is presented. The scour width and 
length are nearly identical for both 𝐷 𝑑50⁄  of 156 and 174, but is larger for 𝐷 𝑑50⁄ = 137. 
Again, the dune region reaches the side walls for a smaller value of 𝑥/𝐷 for the larger 
diameter pier. 
In Figure 4.3.3c, the scour caused by a BR of 8.3% is presented. A trend develops as the 
scour width and length reduce nearly linearly as 𝐷 𝑑50⁄  decreases, albeit small. The dune 
region reaches the side walls for a smaller value of 𝑥/𝐷 for the larger diameter pier. 
In Figure 4.3.3d, the scour caused by a BR of 9.9% is presented. The scour width and 
length reduce nearly linearly as 𝐷 𝑑50⁄  reduces between 174 and 237. The differences in 
this trend observed for 𝐷 𝑑50⁄ = 137 and 156 are within experimental error of the tests. 
The dune region reaches the side walls at a smaller value of 𝑥/𝐷 for the larger diameter 
pier. 
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Figure 4.3.3 – Scour Hole and Deposition Contour Plan Views for Constant D/B 
 
Figure 4.3.4 provides a non-dimensional centreline profile of the scour holes and the 
deposits for tests with identical pier diameter and relative coarseness. The x-axis and z-
axis are normalized with respect to pier diameter.  
In Figure 4.3.4a, the scour caused by a BR of 6.5% is presented. The equilibrium scour 
profiles are nearly identical for both 𝐷 𝑑50 =⁄  137 and 156 with a small increase in 𝑑𝑠𝑒 
observed, consistent with the fact that the sediment particles are relatively finer. The 
scour hole profile converges along a similar path, but larger deposition height is observed 
for 𝐷 𝑑50⁄ = 156. 
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In Figure 4.3.4b, the scour caused by a BR of 7.3% is presented. The equilibrium scour 
depths are nearly identical for both 𝐷 𝑑50⁄ = 156 and 174, but is larger for 𝐷 𝑑50⁄ =137. The downstream face of the scour hole is identical for the 𝐷 𝑑50⁄  of 137 and 156 
and it is closer to the pier for 𝐷 𝑑50⁄ = 174. The deposition height is largest for the larger 
pier diameter. 
In Figure 4.3.4c, the scour caused by a BR of 8.3% is presented. Four 𝐷 𝑑50⁄  are 
analyzed for this BR. The profiles are very similar across all 𝐷 𝑑50⁄  analyzed. The 
equilibrium scour depths cluster closely, but reduce nearly linearly as 𝐷 𝑑50⁄  decreases. 
The deposition height is largest for the smaller pier diameter. 
In Figure 4.3.4d, the scour caused by a BR of 9.9% is presented. The equilibrium scour 
depths increases nearly linearly for 𝐷 𝑑50⁄  between 174 and 237. The trend then makes a 
change and largest equilibrium scour depths are observed for 𝐷 𝑑50⁄  equal to 137 and 
156, with the maximum at 𝐷 𝑑50⁄ = 137 . Even at large values of 𝐷 𝑑50⁄  where 
dependence on relative coarseness is not expected to occur, there are changes in the scour 
depth for constant BR. 
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Figure 4.3.4 – Scour Hole and Deposition Centerline Profiles for Constant D/B 
 
The principal reason for the blockage effect is due to the increase of separation velocity 
at the pier, contributing to an increase in the near body scour. Decreasing the size of the 
domain of the channel (i.e. width) causes more flow contraction at the pier-wall section. 
This smaller cross-sectional area in the results in increase in velocity due to the 
confinement of a lateral movement of the flow streamlines, therefore contributing more 
energy transfer to the bed and thus to more scour until the scour hole becomes large 
enough for this effect to be minimized.  Complicating this, as well, is the flow interaction 
with the side walls and dune formations in the bed. The effect of 𝐷/𝑑50 also plays a role. 
A 𝐷/𝑑50  value resulting in smaller or larger dune forms decreases or increases the 
roughness of the constrained flow. This propagates throughout the deposition region of 
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the sediment bed affecting the scour geometry especially near the side walls and possibly 
contributes to an affect seen in the scour hole itself. The point (𝑥/𝐷) at which the extent 
of the scour zone touches the side wall is important for this reason. 
Figure 4.3.5a shows the maximum equilibrium scour depth in relation to the relative 
coarseness. Figure 4.3.5b presents the information on a semi-log scale. The general trend 
shows a decrease in scour depth with increasing relative coarseness with no significant 
changes for 𝐷 𝑑50⁄ > 100 . This appears quantitatively consistent with previous 
observations. However, Figure 4.3.5b shows that the present data lies below the best fit 
line that was suggested by Lee and Sturm (2009). It is important to recognize the data 
used in the best-fit line are likely influenced by blockage. 
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Figure 4.3.5 – Variance of Equilibrium Scour Depth with D/d50 
 
Figure 4.3.6 presents the equilibrium scour depth in relation to blockage ratio. All of the 
experiments completed in this study are presented. A similar trend to that of Figure 4.3.5 
is observed. As BR increases from 0% to 8% a trend of decreasing 𝑑𝑠/𝐷 is seen. This 
trend levels out into more of a zero slope for BR between 8% and 12%.  
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Figure 4.3.6 – Variance of Equilibrium Scour Depth with D/B 
 
Figure 4.3.7 shows the equilibrium scour depth as compared to the common scour 
prediction equations. There is good agreement between the present results and the CSU 
equation, with the CSU equation slightly over-predicting scour depth. The Sheppard-
Melville equation tends to over-predict scour depth when comparing to the experimental 
results.  
 
Figure 4.3.7 – Variance of Equilibrium Scour Depth with D/B with Comparison to the CSU 
Equation and Sheppard-Melville Equation 
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Figure 4.3.8 shows the equilibrium scour depth in relation to the flow field scale. The 
influence of the flow field scale on the scour depth follows a similar trend to that of 
Melville and Coleman (2000) as discussed in Chapter 1. For clear water scour, the 
influence of the water height is limited for the range of 𝐻 𝐷⁄  used in this study.  
 
Figure 4.3.8 – Variance of Equilibrium Scour Depth with H/D 
 
Figure 4.3.9 shows the equilibrium scour depth in relation to the aspect ratio. 𝐵 𝐻⁄  
remains above 6 for this study. The scour depth changes independently of aspect ratio. 
 
 55 
 
 
Figure 4.3.9 – Variance of Equilibrium Scour Depth with B/H 
 
A summary table of the scour hole geometry results obtained during the experimental 
program is provided in the Appendices.   
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions 
The objective of this study was to investigate the effect of blockage ratio on local pier 
scour for circular piers in clear water conditions. Maintaining identical flow conditions 
for several blockage ratios was an important aspect of this study in order to maintain 
consistency throughout the experiments. Blockage ratios were varied by altering channel 
width and pier size. An analysis of blockage for different pier sizes and relative 
coarseness, 𝐷/𝑑50, was used to provide a clearer understanding of when blockage effects 
occur in experimental study. Several conclusions have been drawn from this study. 
• Some previous studies have exceeded acceptable values of blockage ratio and 
they have used the results based on those tests to develop prediction equations. 
Hodi (2009) found that significant effects on scour depth occurred even at lower 
BRs (2% < 𝐷 𝐵⁄ < 5%) for 𝐷 𝑑50⁄ < 50. 
• Results of this study indicate that both the equilibrium scour depth and scour 
width are affected by blockage ratio.  
• Important differences in the scour geometry are seen even for small changes in 
BR for values of relative coarseness considered acceptable. Comparing BR of 
2.5% to 3.0%, the equilibrium scour depth and width change for increase for D d50⁄ = 59. 
• The side walls of the channel influence the geometry of the scour hole. It is clear 
that for similar values of relative coarseness, the equilibrium scour depth, width 
 57 
 
and length change contingent on when and where the scour profile reaches the 
side walls of the channel. 
• The present results indicate consistency with the fact that larger scour is observed 
for relatively finer sediment or relatively larger pier diameter.  
• Even at large values of relative coarseness, D d50⁄ > 150, changes in dse are 
observed for constant BR. 
• The common design equations have been found to provide good agreement with 
the present experimental results, but still tends to over-predict dse. 
This study confirms the effect of channel width on bridge pier scour in a laboratory 
setting. 
5.2 Recommendations 
Further refinements should be made to local bridge pier scour studies in order to come to 
a more comprehensive conclusion on the effect of BR and to suggest refinements to the 
common design equations. Laboratory research is limited with respect to the myriad of 
variables that are intrinsic to the development of scour. The time constraints of laboratory 
experiments also prove to be a limiting factor in producing effective results. Use of well-
developed computational fluid dynamics (CFD) models should be pursued in order to 
study the effects of changing a larger range of variables affecting scour.  
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APPENDICES  
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Appendix A – Summary of Experimental Results 
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Test 
No. 
Dimensionless Variables Results 
U/Uc 
D/B 
(%) D/d50 H/D  
Equilibrium 
Scour 
Depth, dse 
(mm) 
Equilibrium 
Scour Hole 
Width, Se 
(mm) 
Equilibrium 
Scour Hole 
Length, Te 
(mm) 
dse/D Se/D Te/D 
A1 0.86 2.5 59 4 50.5 216 103.5 1.68 7.2 3.45 
A2 0.86 3.0 59 4 54.4 278 112.5 1.81 9.27 3.75 
E1 0.86 9.9 237 1 131.6 620 317 1.09 5.14 2.63 
E2 0.86 8.3 198 1.2 122.7 564 283 1.22 5.6 2.81 
E3 0.86 7.3 174 1.3 108.3 490 255 1.22 5.51 2.87 
E4 0.86 6.5 156 1.5 105.5 478 234 1.33 6.02 2.95 
E5 0.86 5.7 137 1.7 56.8 316 148 0.81 4.52 2.12 
E6 0.86 8.3 174 1.3 109.5 504 248 1.23 5.67 2.79 
E7 0.86 7.4 156 1.5 100.4 468 222 1.26 5.90 2.80 
E8 0.86 6.5 137 1.7 88.1 432 200 1.26 6.18 2.86 
E9 0.86 9.9 198 1.2 110.9 506 254 1.10 5.02 2.52 
E10 0.86 8.3 156 1.5 93.7 458 210.5 1.18 5.77 2.65 
E11 0.86 7.3 137 1.7 93.2 461 215 1.33 6.6 3.08 
E12 0.86 9.9 174 1.3 86.6 432 199 0.97 4.86 2.24 
E13 0.86 8.2 137 1.7 81.1 406 178.5 1.16 5.81 2.56 
E14 0.86 9.9 156 1.5 99.4 476 222 1.25 6.00 2.80 
E15 0.86 9.9 137 1.7 94.2 452 198 1.35 6.47 2.83 
E16 0.86 4.9 118 2 84.6 394 178 1.41 6.57 2.97 
P1 0.84 11.2 119 1 113.4 500 250 1.13 4.96 2.48 
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Appendix B – Experimental Results 
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Experiment No. 
 
E1 
  
D/B = 9.9% 
   Pier Diameter D (mm) 120.65 
  
D/d50 = 237 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 72 
       Blockage Ratio D/B 0.099 
       Relative Coarseness D/d50 236.6 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 0.995 
       Scour Depth ds 131.6 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-324.0 -0.5 -2.685 -0.004 
 
-317.0 0.0 -2.627 0.000 
 
-321.0 0.2 -2.661 0.002 
 
-316.0 -11.0 -2.619 -0.091 
 
-316.0 -1.3 -2.619 -0.011 
 
-311.0 -27.0 -2.578 -0.224 
 
-311.0 -2.9 -2.578 -0.024 
 
-306.0 -52.0 -2.536 -0.431 
 
-306.0 -4.5 -2.536 -0.037 
 
-301.0 -80.0 -2.495 -0.663 
 
-301.0 -7.4 -2.495 -0.061 
 
-296.0 -95.0 -2.453 -0.787 
 
-296.0 -9.7 -2.453 -0.080 
 
-291.0 -105.0 -2.412 -0.870 
 
-291.0 -12.6 -2.412 -0.104 
 
-286.0 -123.0 -2.370 -1.019 
 
-286.0 -15.3 -2.370 -0.127 
 
-281.0 -140.0 -2.329 -1.160 
 
-281.0 -17.4 -2.329 -0.144 
 
-276.0 -146.0 -2.288 -1.210 
 
-276.0 -20.6 -2.288 -0.171 
 
-271.0 -157.0 -2.246 -1.301 
 
-271.0 -23.2 -2.246 -0.192 
 
-266.0 -162.0 -2.205 -1.343 
 
-266.0 -25.3 -2.205 -0.210 
 
-261.0 -169.0 -2.163 -1.401 
 
-261.0 -28.4 -2.163 -0.235 
 
-256.0 -176.0 -2.122 -1.459 
 
-256.0 -31.8 -2.122 -0.264 
 
-251.0 -180.0 -2.080 -1.492 
 
-251.0 -33.6 -2.080 -0.278 
 
-246.0 -185.0 -2.039 -1.533 
 
-246.0 -37.4 -2.039 -0.310 
 
-241.0 -191.0 -1.998 -1.583 
 
-241.0 -39.8 -1.998 -0.330 
 
-236.0 -197.0 -1.956 -1.633 
 
-236.0 -43.4 -1.956 -0.360 
 
-231.0 -202.0 -1.915 -1.674 
 
-231.0 -46.2 -1.915 -0.383 
 
-226.0 -208.0 -1.873 -1.724 
 
-226.0 -48.7 -1.873 -0.404 
 
-221.0 -212.0 -1.832 -1.757 
 
-221.0 -51.3 -1.832 -0.425 
 
-211.0 -222.0 -1.749 -1.840 
 
-216.0 -54.4 -1.790 -0.451 
 
-201.0 -231.0 -1.666 -1.915 
 
-211.0 -58.1 -1.749 -0.482 
 
-191.0 -240.0 -1.583 -1.989 
 
-206.0 -59.5 -1.707 -0.493 
 
-181.0 -247.0 -1.500 -2.047 
 
-201.0 -62.3 -1.666 -0.516 
 
-171.0 -252.0 -1.417 -2.089 
 
-196.0 -65.5 -1.625 -0.543 
 
-161.0 -259.0 -1.334 -2.147 
 
-191.0 -66.9 -1.583 -0.554 
 
-151.0 -264.0 -1.252 -2.188 
 
-186.0 -69.2 -1.542 -0.574 
 
-141.0 -269.0 -1.169 -2.230 
 
-181.0 -72.7 -1.500 -0.603 
 
-131.0 -275.0 -1.086 -2.279 
 
-176.0 -75.9 -1.459 -0.629 
 
-121.0 -281.0 -1.003 -2.329 
 
-171.0 -78.0 -1.417 -0.646 
 
-111.0 -284.0 -0.920 -2.354 
 
-166.0 -80.7 -1.376 -0.669 
 
-101.0 -288.0 -0.837 -2.387 
 
-161.0 -83.1 -1.334 -0.689 
 
-91.0 -291.0 -0.754 -2.412 
 
-156.0 -86.3 -1.293 -0.715 
 
-81.0 -294.0 -0.671 -2.437 
 
-151.0 -88.9 -1.252 -0.737 
 
-71.0 -297.0 -0.588 -2.462 
 
-146.0 -91.9 -1.210 -0.762 
 
-61.0 -300.0 -0.506 -2.487 
 
-141.0 -95.5 -1.169 -0.792 
 
-51.0 -302.0 -0.423 -2.503 
 
-136.0 -97.9 -1.127 -0.811 
 
-41.0 -305.0 -0.340 -2.528 
 
-131.0 -101.1 -1.086 -0.838 
 
-31.0 -307.0 -0.257 -2.545 
 
-126.0 -104.1 -1.044 -0.863 
 
-21.0 -310.0 -0.174 -2.569 
 
-121.0 -107.3 -1.003 -0.889 
 
-11.0 -311.0 -0.091 -2.578 
 
-116.0 -110.7 -0.961 -0.918 
 
-1.0 -313.0 -0.008 -2.594 
 
-111.0 -113.8 -0.920 -0.943 
 
9.0 -314.0 0.075 -2.603 
 
-106.0 -116.9 -0.879 -0.969 
 
19.0 -315.0 0.157 -2.611 
 
-101.0 -121.0 -0.837 -1.003 
 
29.0 -315.0 0.240 -2.611 
 
-96.0 -124.7 -0.796 -1.034 
 
39.0 -317.0 0.323 -2.627 
 
-91.0 -128.9 -0.754 -1.068 
 
49.0 -320.0 0.406 -2.652 
 
-86.0 -130.9 -0.713 -1.085 
 
59.0 -324.0 0.489 -2.685 
 
-81.0 -131.6 -0.671 -1.091 
 
69.0 -329.0 0.572 -2.727 
 
-76.0 -130.4 -0.630 -1.081 
 
79.0 -336.0 0.655 -2.785 
 
-71.0 -127.2 -0.588 -1.054 
 
79.0 -341.0 0.655 -2.826 
 
-66.0 -127.3 -0.547 -1.055 
 
89.0 -348.0 0.738 -2.884 
 
-64.0 -124.1 -0.530 -1.029 
 
99.0 -354.0 0.821 -2.934 
 
64.0 -89.4 0.530 -0.741 
 
109.0 -362.0 0.903 -3.000 
 
69.0 -89.6 0.572 -0.743 
 
119.0 -365.0 0.986 -3.025 
 68 
 
 
74.0 -87.2 0.613 -0.723 
 
129.0 -368.0 1.069 -3.050 
 
79.0 -88.5 0.655 -0.734 
 
139.0 -373.0 1.152 -3.092 
 
84.0 -91.5 0.696 -0.758 
 
149.0 -377.0 1.235 -3.125 
 
89.0 -91.2 0.738 -0.756 
 
159.0 -383.0 1.318 -3.174 
 
94.0 -90.6 0.779 -0.751 
 
169.0 -386.0 1.401 -3.199 
 
99.0 -89.2 0.821 -0.739 
 
179.0 -391.0 1.484 -3.241 
 
104.0 -85.4 0.862 -0.708 
 
189.0 -397.0 1.567 -3.291 
 
109.0 -83.3 0.903 -0.690 
 
199.0 -402.0 1.649 -3.332 
 
114.0 -80.6 0.945 -0.668 
 
209.0 -405.0 1.732 -3.357 
 
119.0 -77.4 0.986 -0.642 
 
219.0 -408.0 1.815 -3.382 
 
124.0 -74.2 1.028 -0.615 
 
229.0 -410.0 1.898 -3.398 
 
129.0 -70.8 1.069 -0.587 
 
239.0 -415.0 1.981 -3.440 
 
134.0 -67.7 1.111 -0.561 
 
249.0 -418.0 2.064 -3.465 
 
139.0 -65.0 1.152 -0.539 
 
259.0 -422.0 2.147 -3.498 
 
144.0 -61.3 1.194 -0.508 
 
269.0 -430.0 2.230 -3.564 
 
149.0 -58.4 1.235 -0.484 
 
279.0 -435.0 2.312 -3.605 
 
154.0 -55.1 1.276 -0.457 
 
289.0 -440.0 2.395 -3.647 
 
159.0 -51.9 1.318 -0.430 
 
299.0 -446.0 2.478 -3.697 
 
164.0 -49.1 1.359 -0.407 
 
309.0 -452.0 2.561 -3.746 
 
169.0 -46.5 1.401 -0.385 
 
319.0 -457.0 2.644 -3.788 
 
174.0 -42.4 1.442 -0.351 
 
49.0 -320.0 0.406 -2.652 
 
179.0 -39.5 1.484 -0.327 
 
54.0 -321.0 0.448 -2.661 
 
184.0 -37.2 1.525 -0.308 
 
59.0 -328.0 0.489 -2.719 
 
189.0 -34.0 1.567 -0.282 
 
64.0 -330.0 0.530 -2.735 
 
194.0 -32.3 1.608 -0.268 
 
69.0 -336.0 0.572 -2.785 
 
199.0 -28.7 1.649 -0.238 
 
74.0 -340.0 0.613 -2.818 
 
204.0 -25.5 1.691 -0.211 
 
79.0 -341.0 0.655 -2.826 
 
209.0 -22.7 1.732 -0.188 
 
84.0 -341.0 0.696 -2.826 
 
214.0 -20.0 1.774 -0.166 
 
89.0 -340.0 0.738 -2.818 
 
219.0 -17.2 1.815 -0.143 
 
94.0 -340.0 0.779 -2.818 
 
224.0 -14.4 1.857 -0.119 
 
99.0 -341.0 0.821 -2.826 
 
229.0 -11.6 1.898 -0.096 
 
109.0 -340.0 0.903 -2.818 
 
234.0 -9.4 1.939 -0.078 
 
119.0 -340.0 0.986 -2.818 
 
239.0 -6.4 1.981 -0.053 
 
129.0 -341.0 1.069 -2.826 
 
244.0 -3.9 2.022 -0.032 
 
139.0 -341.0 1.152 -2.826 
 
249.0 -1.3 2.064 -0.011 
 
149.0 -342.0 1.235 -2.835 
 
254.0 0.5 2.105 0.004 
 
159.0 -342.0 1.318 -2.835 
 
259.0 3.6 2.147 0.030 
 
169.0 -343.0 1.401 -2.843 
 
264.0 5.9 2.188 0.049 
 
179.0 -344.0 1.484 -2.851 
 
269.0 9.3 2.230 0.077 
 
189.0 -345.0 1.567 -2.860 
 
274.0 11.6 2.271 0.096 
 
199.0 -349.0 1.649 -2.893 
 
279.0 14.6 2.312 0.121 
 
209.0 -352.0 1.732 -2.918 
 
284.0 16.6 2.354 0.138 
 
219.0 -355.0 1.815 -2.942 
 
289.0 18.7 2.395 0.155 
 
229.0 -358.0 1.898 -2.967 
 
294.0 21.2 2.437 0.176 
 
239.0 -353.0 1.981 -2.926 
 
299.0 22.7 2.478 0.188 
 
249.0 -350.0 2.064 -2.901 
 
304.0 24.7 2.520 0.205 
 
259.0 -346.0 2.147 -2.868 
 
309.0 26.1 2.561 0.216 
 
269.0 -342.0 2.230 -2.835 
 
314.0 28.1 2.603 0.233 
 
279.0 -336.0 2.312 -2.785 
 
319.0 28.9 2.644 0.240 
 
289.0 -330.0 2.395 -2.735 
 
324.0 29.7 2.685 0.246 
 
299.0 -325.0 2.478 -2.694 
 
329.0 28.6 2.727 0.237 
 
309.0 -316.0 2.561 -2.619 
 
334.0 25.4 2.768 0.211 
 
319.0 -314.0 2.644 -2.603 
 
339.0 20.4 2.810 0.169 
 
324.0 -311.0 2.685 -2.578 
 
344.0 17.6 2.851 0.146 
 
324.0 -161.0 2.685 -1.334 
 
349.0 14.7 2.893 0.122 
 
319.0 -160.0 2.644 -1.326 
 
354.0 12.7 2.934 0.105 
 
309.0 -159.0 2.561 -1.318 
 
359.0 11.7 2.976 0.097 
 
299.0 -150.0 2.478 -1.243 
 
364.0 11.0 3.017 0.091 
 
289.0 -138.0 2.395 -1.144 
 
369.0 10.5 3.058 0.087 
 
288.0 -122.0 2.387 -1.011 
 
374.0 10.5 3.100 0.087 
 
287.0 -98.0 2.379 -0.812 
 
379.0 11.0 3.141 0.091 
 
288.0 -86.0 2.387 -0.713 
 
384.0 11.2 3.183 0.093 
 
294.0 -67.0 2.437 -0.555 
 
389.0 12.0 3.224 0.099 
 
304.0 -55.0 2.520 -0.456 
 
394.0 12.9 3.266 0.107 
 
279.0 -47.0 2.312 -0.390 
 
399.0 13.0 3.307 0.108 
 
262.0 -43.0 2.172 -0.356 
 
404.0 14.4 3.349 0.119 
 
248.0 -35.0 2.056 -0.290 
 
409.0 14.5 3.390 0.120 
 
233.0 -24.0 1.931 -0.199 
 
414.0 15.0 3.431 0.124 
 
229.0 -11.0 1.898 -0.091 
 
419.0 16.2 3.473 0.134 
 
254.0 0.0 2.105 0.000 
 
424.0 16.9 3.514 0.140 
 
329.0 -309.0 2.727 -2.561 
 
429.0 17.0 3.556 0.141 
 
334.0 -295.0 2.768 -2.445 
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434.0 17.7 3.597 0.147 
 
339.0 -275.0 2.810 -2.279 
 
439.0 17.4 3.639 0.144 
 
344.0 -272.0 2.851 -2.254 
 
444.0 18.1 3.680 0.150 
 
349.0 -268.0 2.893 -2.221 
 
449.0 15.3 3.722 0.127 
 
359.0 -262.0 2.976 -2.172 
 
454.0 13.7 3.763 0.114 
 
369.0 -258.0 3.058 -2.138 
 
459.0 12.4 3.804 0.103 
 
379.0 -254.0 3.141 -2.105 
 
464.0 11.9 3.846 0.099 
 
389.0 -252.0 3.224 -2.089 
 
469.0 12.5 3.887 0.104 
 
399.0 -246.0 3.307 -2.039 
 
474.0 15.4 3.929 0.128 
 
404.0 -242.0 3.349 -2.006 
 
479.0 16.4 3.970 0.136 
 
399.0 -232.0 3.307 -1.923 
 
484.0 17.8 4.012 0.148 
 
394.0 -225.0 3.266 -1.865 
 
489.0 20.7 4.053 0.172 
 
399.0 -218.0 3.307 -1.807 
 
494.0 22.5 4.094 0.186 
 
397.0 -208.0 3.291 -1.724 
 
499.0 25.1 4.136 0.208 
 
389.0 -202.0 3.224 -1.674 
 
504.0 26.7 4.177 0.221 
 
379.0 -197.0 3.141 -1.633 
 
509.0 28.2 4.219 0.234 
 
369.0 -185.0 3.058 -1.533 
 
514.0 29.6 4.260 0.245 
 
359.0 -178.0 2.976 -1.475 
 
519.0 31.2 4.302 0.259 
 
349.0 -172.0 2.893 -1.426 
 
524.0 32.2 4.343 0.267 
 
339.0 -166.0 2.810 -1.376 
 
529.0 32.6 4.385 0.270 
 
329.0 -163.0 2.727 -1.351 
 
534.0 33.2 4.426 0.275 
 
319.0 -161.0 2.644 -1.334 
 
539.0 32.1 4.467 0.266 
 
319.0 -457.0 2.644 -3.788 
 
544.0 29.1 4.509 0.241 
 
324.0 -458.0 2.685 -3.796 
 
549.0 24.2 4.550 0.201 
 
329.0 -461.0 2.727 -3.821 
 
554.0 22.1 4.592 0.183 
 
334.0 -465.0 2.768 -3.854 
 
559.0 21.5 4.633 0.178 
 
339.0 -469.0 2.810 -3.887 
 
564.0 19.9 4.675 0.165 
 
344.0 -475.0 2.851 -3.937 
 
569.0 19.4 4.716 0.161 
 
349.0 -479.0 2.893 -3.970 
 
574.0 19.4 4.758 0.161 
 
354.0 -485.0 2.934 -4.020 
 
579.0 18.8 4.799 0.156 
 
359.0 -492.0 2.976 -4.078 
 
584.0 19.2 4.840 0.159 
 
364.0 -499.0 3.017 -4.136 
 
589.0 19.7 4.882 0.163 
 
369.0 -505.0 3.058 -4.186 
 
594.0 20.5 4.923 0.170 
 
374.0 -507.0 3.100 -4.202 
 
599.0 20.4 4.965 0.169 
 
379.0 -512.0 3.141 -4.244 
 
604.0 21.7 5.006 0.180 
 
384.0 -515.0 3.183 -4.269 
 
609.0 21.9 5.048 0.182 
 
389.0 -522.0 3.224 -4.327 
 
614.0 23.2 5.089 0.192 
 
394.0 -529.0 3.266 -4.385 
 
619.0 23.8 5.131 0.197 
 
399.0 -532.0 3.307 -4.409 
 
624.0 24.9 5.172 0.206 
 
404.0 -538.0 3.349 -4.459 
 
629.0 25.1 5.213 0.208 
 
409.0 -544.0 3.390 -4.509 
 
634.0 25.7 5.255 0.213 
 
414.0 -549.0 3.431 -4.550 
 
639.0 27.3 5.296 0.226 
 
419.0 -556.0 3.473 -4.608 
 
644.0 27.5 5.338 0.228 
 
424.0 -562.0 3.514 -4.658 
 
649.0 27.9 5.379 0.231 
 
428.0 -568.0 3.547 -4.708 
 
654.0 28.1 5.421 0.233 
 
-317.0 0.0 -2.627 0.000 
 
659.0 25.8 5.462 0.214 
 
-316.0 11.0 -2.619 0.091 
 
664.0 21.7 5.504 0.180 
 
-311.0 27.0 -2.578 0.224 
 
669.0 19.6 5.545 0.162 
 
-306.0 52.0 -2.536 0.431 
 
674.0 18.0 5.586 0.149 
 
-301.0 80.0 -2.495 0.663 
 
679.0 17.3 5.628 0.143 
 
-296.0 95.0 -2.453 0.787 
 
684.0 16.9 5.669 0.140 
 
-291.0 105.0 -2.412 0.870 
 
689.0 16.6 5.711 0.138 
 
-286.0 123.0 -2.370 1.019 
 
694.0 15.8 5.752 0.131 
 
-281.0 140.0 -2.329 1.160 
 
699.0 16.3 5.794 0.135 
 
-276.0 146.0 -2.288 1.210 
 
704.0 16.5 5.835 0.137 
 
-271.0 157.0 -2.246 1.301 
 
709.0 18.3 5.877 0.152 
 
-266.0 162.0 -2.205 1.343 
 
714.0 20.2 5.918 0.167 
 
-261.0 169.0 -2.163 1.401 
 
719.0 22.0 5.959 0.182 
 
-256.0 176.0 -2.122 1.459 
 
724.0 24.2 6.001 0.201 
 
-251.0 180.0 -2.080 1.492 
 
729.0 26.5 6.042 0.220 
 
-246.0 185.0 -2.039 1.533 
 
734.0 28.2 6.084 0.234 
 
-241.0 191.0 -1.998 1.583 
 
739.0 31.2 6.125 0.259 
 
-236.0 197.0 -1.956 1.633 
 
744.0 33.5 6.167 0.278 
 
-231.0 202.0 -1.915 1.674 
 
749.0 36.3 6.208 0.301 
 
-226.0 208.0 -1.873 1.724 
 
754.0 38.6 6.249 0.320 
 
-221.0 212.0 -1.832 1.757 
 
759.0 39.9 6.291 0.331 
 
-211.0 222.0 -1.749 1.840 
 
764.0 41.7 6.332 0.346 
 
-201.0 231.0 -1.666 1.915 
 
769.0 43.8 6.374 0.363 
 
-191.0 240.0 -1.583 1.989 
 
774.0 44.3 6.415 0.367 
 
-181.0 247.0 -1.500 2.047 
 
779.0 46.2 6.457 0.383 
 
-171.0 252.0 -1.417 2.089 
 
784.0 47.8 6.498 0.396 
 
-161.0 259.0 -1.334 2.147 
 
789.0 49.2 6.540 0.408 
 
-151.0 264.0 -1.252 2.188 
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794.0 48.5 6.581 0.402 
 
-141.0 269.0 -1.169 2.230 
 
799.0 45.9 6.622 0.380 
 
-131.0 275.0 -1.086 2.279 
 
804.0 42.2 6.664 0.350 
 
-121.0 281.0 -1.003 2.329 
 
809.0 38.1 6.705 0.316 
 
-111.0 284.0 -0.920 2.354 
 
814.0 38.5 6.747 0.319 
 
-101.0 288.0 -0.837 2.387 
 
819.0 38.0 6.788 0.315 
 
-91.0 291.0 -0.754 2.412 
 
824.0 37.3 6.830 0.309 
 
-81.0 294.0 -0.671 2.437 
 
829.0 36.5 6.871 0.303 
 
-71.0 297.0 -0.588 2.462 
 
834.0 35.9 6.913 0.298 
 
-61.0 300.0 -0.506 2.487 
 
839.0 35.6 6.954 0.295 
 
-51.0 302.0 -0.423 2.503 
 
844.0 35.4 6.995 0.293 
 
-41.0 305.0 -0.340 2.528 
 
849.0 35.6 7.037 0.295 
 
-31.0 307.0 -0.257 2.545 
 
854.0 35.9 7.078 0.298 
 
-21.0 310.0 -0.174 2.569 
 
859.0 36.8 7.120 0.305 
 
-11.0 311.0 -0.091 2.578 
 
864.0 36.9 7.161 0.306 
 
-1.0 313.0 -0.008 2.594 
 
869.0 38.1 7.203 0.316 
 
9.0 314.0 0.075 2.603 
 
874.0 38.6 7.244 0.320 
 
19.0 315.0 0.157 2.611 
 
879.0 39.6 7.286 0.328 
 
29.0 315.0 0.240 2.611 
 
884.0 40.7 7.327 0.337 
 
39.0 317.0 0.323 2.627 
 
889.0 41.9 7.368 0.347 
 
49.0 320.0 0.406 2.652 
 
894.0 42.6 7.410 0.353 
 
59.0 324.0 0.489 2.685 
 
899.0 42.6 7.451 0.353 
 
69.0 329.0 0.572 2.727 
 
904.0 43.0 7.493 0.356 
 
79.0 336.0 0.655 2.785 
 
909.0 43.8 7.534 0.363 
 
79.0 341.0 0.655 2.826 
 
914.0 44.9 7.576 0.372 
 
89.0 348.0 0.738 2.884 
 
919.0 45.3 7.617 0.375 
 
99.0 354.0 0.821 2.934 
 
924.0 46.0 7.659 0.381 
 
109.0 362.0 0.903 3.000 
 
929.0 46.4 7.700 0.385 
 
119.0 365.0 0.986 3.025 
 
934.0 46.9 7.741 0.389 
 
129.0 368.0 1.069 3.050 
 
939.0 47.0 7.783 0.390 
 
139.0 373.0 1.152 3.092 
 
944.0 47.0 7.824 0.390 
 
149.0 377.0 1.235 3.125 
 
949.0 47.7 7.866 0.395 
 
159.0 383.0 1.318 3.174 
 
954.0 47.5 7.907 0.394 
 
169.0 386.0 1.401 3.199 
 
959.0 48.7 7.949 0.404 
 
179.0 391.0 1.484 3.241 
 
964.0 47.4 7.990 0.393 
 
189.0 397.0 1.567 3.291 
 
969.0 46.1 8.031 0.382 
 
199.0 402.0 1.649 3.332 
 
974.0 45.7 8.073 0.379 
 
209.0 405.0 1.732 3.357 
 
979.0 44.9 8.114 0.372 
 
219.0 408.0 1.815 3.382 
 
984.0 43.8 8.156 0.363 
 
229.0 410.0 1.898 3.398 
 
989.0 42.8 8.197 0.355 
 
239.0 415.0 1.981 3.440 
 
994.0 42.6 8.239 0.353 
 
249.0 418.0 2.064 3.465 
 
999.0 42.0 8.280 0.348 
 
259.0 422.0 2.147 3.498 
 
1004.0 42.1 8.322 0.349 
 
269.0 430.0 2.230 3.564 
 
1009.0 43.0 8.363 0.356 
 
279.0 435.0 2.312 3.605 
 
1014.0 42.1 8.404 0.349 
 
289.0 440.0 2.395 3.647 
 
1019.0 41.9 8.446 0.347 
 
299.0 446.0 2.478 3.697 
 
1024.0 43.5 8.487 0.361 
 
309.0 452.0 2.561 3.746 
      
319.0 457.0 2.644 3.788 
      
49.0 320.0 0.406 2.652 
      
54.0 321.0 0.448 2.661 
      
59.0 328.0 0.489 2.719 
      
64.0 330.0 0.530 2.735 
      
69.0 336.0 0.572 2.785 
      
74.0 340.0 0.613 2.818 
      
79.0 341.0 0.655 2.826 
      
84.0 341.0 0.696 2.826 
      
89.0 340.0 0.738 2.818 
      
94.0 340.0 0.779 2.818 
      
99.0 341.0 0.821 2.826 
      
109.0 340.0 0.903 2.818 
      
119.0 340.0 0.986 2.818 
      
129.0 341.0 1.069 2.826 
      
139.0 341.0 1.152 2.826 
      
149.0 342.0 1.235 2.835 
      
159.0 342.0 1.318 2.835 
      
169.0 343.0 1.401 2.843 
      
179.0 344.0 1.484 2.851 
      
189.0 345.0 1.567 2.860 
      
199.0 349.0 1.649 2.893 
      
209.0 352.0 1.732 2.918 
      
219.0 355.0 1.815 2.942 
      
229.0 358.0 1.898 2.967 
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239.0 353.0 1.981 2.926 
      
249.0 350.0 2.064 2.901 
      
259.0 346.0 2.147 2.868 
      
269.0 342.0 2.230 2.835 
      
279.0 336.0 2.312 2.785 
      
289.0 330.0 2.395 2.735 
      
299.0 325.0 2.478 2.694 
      
309.0 316.0 2.561 2.619 
      
319.0 314.0 2.644 2.603 
      
324.0 311.0 2.685 2.578 
      
324.0 161.0 2.685 1.334 
      
319.0 160.0 2.644 1.326 
      
309.0 159.0 2.561 1.318 
      
299.0 150.0 2.478 1.243 
      
289.0 138.0 2.395 1.144 
      
288.0 122.0 2.387 1.011 
      
287.0 98.0 2.379 0.812 
      
288.0 86.0 2.387 0.713 
      
294.0 67.0 2.437 0.555 
      
304.0 55.0 2.520 0.456 
      
279.0 47.0 2.312 0.390 
      
262.0 43.0 2.172 0.356 
      
248.0 35.0 2.056 0.290 
      
233.0 24.0 1.931 0.199 
      
229.0 11.0 1.898 0.091 
      
254.0 0.0 2.105 0.000 
      
329.0 309.0 2.727 2.561 
      
334.0 295.0 2.768 2.445 
      
339.0 275.0 2.810 2.279 
      
344.0 272.0 2.851 2.254 
      
349.0 268.0 2.893 2.221 
      
359.0 262.0 2.976 2.172 
      
369.0 258.0 3.058 2.138 
      
379.0 254.0 3.141 2.105 
      
389.0 252.0 3.224 2.089 
      
399.0 246.0 3.307 2.039 
      
404.0 242.0 3.349 2.006 
      
399.0 232.0 3.307 1.923 
      
394.0 225.0 3.266 1.865 
      
399.0 218.0 3.307 1.807 
      
397.0 208.0 3.291 1.724 
      
389.0 202.0 3.224 1.674 
      
379.0 197.0 3.141 1.633 
      
369.0 185.0 3.058 1.533 
      
359.0 178.0 2.976 1.475 
      
349.0 172.0 2.893 1.426 
      
339.0 166.0 2.810 1.376 
      
329.0 163.0 2.727 1.351 
      
319.0 161.0 2.644 1.334 
      
319.0 457.0 2.644 3.788 
      
324.0 458.0 2.685 3.796 
      
329.0 461.0 2.727 3.821 
      
334.0 465.0 2.768 3.854 
      
339.0 469.0 2.810 3.887 
      
344.0 475.0 2.851 3.937 
      
349.0 479.0 2.893 3.970 
      
354.0 485.0 2.934 4.020 
      
359.0 492.0 2.976 4.078 
      
364.0 499.0 3.017 4.136 
      
369.0 505.0 3.058 4.186 
      
374.0 507.0 3.100 4.202 
      
379.0 512.0 3.141 4.244 
      
384.0 515.0 3.183 4.269 
      
389.0 522.0 3.224 4.327 
      
394.0 529.0 3.266 4.385 
      
399.0 532.0 3.307 4.409 
      
404.0 538.0 3.349 4.459 
      
409.0 544.0 3.390 4.509 
      
414.0 549.0 3.431 4.550 
      
419.0 556.0 3.473 4.608 
      
424.0 562.0 3.514 4.658 
      
428.0 568.0 3.547 4.708 
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Experiment No. E2 
  
D/B = 8.3% 
   Pier Diameter D (mm) 100.8 
  
D/d50 = 198 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 72 
       Blockage Ratio D/B 0.083 
       Relative Coarseness D/d50 197.6 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 1.190 
       Scour Depth ds 122.7 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-283.0 0.1 -2.808 0.001 
 
-283.0 0.0 -2.808 0 
 
-280.0 0.3 -2.778 0.003 
 
-283.0 5.0 -2.808 0.05 
 
-275.0 -1.8 -2.728 -0.018 
 
-283.0 10.0 -2.808 0.099 
 
-270.0 -3.6 -2.679 -0.036 
 
-283.0 15.0 -2.808 0.149 
 
-265.0 -6.4 -2.629 -0.063 
 
-283.0 20.0 -2.808 0.198 
 
-260.0 -9.0 -2.579 -0.089 
 
-283.0 25.0 -2.808 0.248 
 
-255.0 -11.9 -2.53 -0.118 
 
-283.0 30.0 -2.808 0.298 
 
-250.0 -15.6 -2.48 -0.155 
 
-282.0 35.0 -2.798 0.347 
 
-245.0 -17.8 -2.431 -0.177 
 
-282.0 40.0 -2.798 0.397 
 
-240.0 -19.8 -2.381 -0.196 
 
-282.0 45.0 -2.798 0.446 
 
-235.0 -22.9 -2.331 -0.227 
 
-281.0 50.0 -2.788 0.496 
 
-230.0 -26.1 -2.282 -0.259 
 
-280.0 55.0 -2.778 0.546 
 
-225.0 -30.1 -2.232 -0.299 
 
-279.5 60.0 -2.773 0.595 
 
-220.0 -32.0 -2.183 -0.317 
 
-279.0 65.0 -2.768 0.645 
 
-215.0 -35.4 -2.133 -0.351 
 
-278.0 70.0 -2.758 0.694 
 
-210.0 -37.5 -2.083 -0.372 
 
-277.5 75.0 -2.753 0.744 
 
-205.0 -39.8 -2.034 -0.395 
 
-277.0 80.0 -2.748 0.794 
 
-200.0 -43.3 -1.984 -0.43 
 
-274.0 90.0 -2.718 0.893 
 
-195.0 -46.9 -1.935 -0.465 
 
-272.0 100.0 -2.698 0.992 
 
-190.0 -49.9 -1.885 -0.495 
 
-269.0 110.0 -2.669 1.091 
 
-185.0 -52.6 -1.835 -0.522 
 
-262.0 120.0 -2.599 1.19 
 
-180.0 -54.1 -1.786 -0.537 
 
-260.0 122.0 -2.579 1.21 
 
-175.0 -57.2 -1.736 -0.567 
 
-255.0 134.0 -2.53 1.329 
 
-170.0 -60.3 -1.687 -0.598 
 
-250.0 141.0 -2.48 1.399 
 
-165.0 -62.6 -1.637 -0.621 
 
-245.0 146.0 -2.431 1.448 
 
-160.0 -66.1 -1.587 -0.656 
 
-240.0 154.0 -2.381 1.528 
 
-155.0 -68.9 -1.538 -0.684 
 
-235.0 161.0 -2.331 1.597 
 
-150.0 -71.7 -1.488 -0.711 
 
-230.0 167.0 -2.282 1.657 
 
-145.0 -74.3 -1.438 -0.737 
 
-225.0 173.0 -2.232 1.716 
 
-140.0 -77.9 -1.389 -0.773 
 
-220.0 179.0 -2.183 1.776 
 
-135.0 -80.2 -1.339 -0.796 
 
-215.0 188.0 -2.133 1.865 
 
-130.0 -82.5 -1.29 -0.818 
 
-210.0 192.0 -2.083 1.905 
 
-125.0 -86.3 -1.24 -0.856 
 
-205.0 197.0 -2.034 1.954 
 
-120.0 -89.5 -1.19 -0.888 
 
-200.0 201.0 -1.984 1.994 
 
-115.0 -92.7 -1.141 -0.92 
 
-195.0 205.0 -1.935 2.034 
 
-110.0 -95.9 -1.091 -0.951 
 
-190.0 209.0 -1.885 2.073 
 
-105.0 -98.8 -1.042 -0.98 
 
-185.0 216.0 -1.835 2.143 
 
-100.0 -101.7 -0.992 -1.009 
 
-180.0 219.0 -1.786 2.173 
 
-95.0 -104.5 -0.942 -1.037 
 
-175.0 223.0 -1.736 2.212 
 
-90.0 -107.2 -0.893 -1.063 
 
-170.0 228.0 -1.687 2.262 
 
-85.0 -110.7 -0.843 -1.098 
 
-165.0 232.0 -1.637 2.302 
 
-80.0 -114.3 -0.794 -1.134 
 
-160.0 235.0 -1.587 2.331 
 
-75.0 -119.0 -0.744 -1.181 
 
-155.0 238.0 -1.538 2.361 
 
-70.0 -121.0 -0.694 -1.2 
 
-150.0 240.0 -1.488 2.381 
 
-65.0 -121.6 -0.645 -1.206 
 
-145.0 242.0 -1.438 2.401 
 
-60.0 -122.0 -0.595 -1.21 
 
-140.0 246.0 -1.389 2.44 
 
-55.0 -122.7 -0.546 -1.217 
 
-135.0 249.0 -1.339 2.47 
 
-50.0 -121.6 -0.496 -1.206 
 
-125.0 255.0 -1.24 2.53 
 
53.0 -81.1 0.526 -0.805 
 
-115.0 259.0 -1.141 2.569 
 
55.0 -80.9 0.546 -0.803 
 
-105.0 263.0 -1.042 2.609 
 
60.0 -82.0 0.595 -0.813 
 
-95.0 265.0 -0.942 2.629 
 
65.0 -82.6 0.645 -0.819 
 
-85.0 269.0 -0.843 2.669 
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70.0 -82.8 0.694 -0.821 
 
-75.0 271.0 -0.744 2.688 
 
75.0 -81.5 0.744 -0.809 
 
-65.0 273.0 -0.645 2.708 
 
80.0 -80.1 0.794 -0.795 
 
-55.0 274.0 -0.546 2.718 
 
85.0 -79.1 0.843 -0.785 
 
-45.0 276.0 -0.446 2.738 
 
90.0 -77.1 0.893 -0.765 
 
-35.0 278.0 -0.347 2.758 
 
95.0 -74.3 0.942 -0.737 
 
-25.0 280.0 -0.248 2.778 
 
100.0 -71.7 0.992 -0.711 
 
-15.0 281.0 -0.149 2.788 
 
105.0 -67.5 1.042 -0.67 
 
-5.0 282.0 -0.05 2.798 
 
110.0 -64.9 1.091 -0.644 
 
5.0 283.0 0.05 2.808 
 
115.0 -62.1 1.141 -0.616 
 
15.0 284.0 0.149 2.817 
 
120.0 -59.3 1.19 -0.588 
 
25.0 286.0 0.248 2.837 
 
125.0 -55.3 1.24 -0.549 
 
35.0 289.0 0.347 2.867 
 
130.0 -52.3 1.29 -0.519 
 
45.0 293.0 0.446 2.907 
 
135.0 -48.9 1.339 -0.485 
 
50.0 296.0 0.496 2.937 
 
140.0 -46.3 1.389 -0.459 
 
55.0 302.0 0.546 2.996 
 
145.0 -44.8 1.438 -0.444 
 
60.0 305.0 0.595 3.026 
 
150.0 -41.0 1.488 -0.407 
 
65.0 308.0 0.645 3.056 
 
155.0 -38.2 1.538 -0.379 
 
70.0 310.0 0.694 3.075 
 
160.0 -35.5 1.587 -0.352 
 
75.0 312.0 0.744 3.095 
 
165.0 -31.5 1.637 -0.313 
 
85.0 314.0 0.843 3.115 
 
170.0 -28.5 1.687 -0.283 
 
95.0 317.0 0.942 3.145 
 
175.0 -25.3 1.736 -0.251 
 
105.0 316.0 1.042 3.135 
 
180.0 -22.8 1.786 -0.226 
 
115.0 316.0 1.141 3.135 
 
185.0 -19.8 1.835 -0.196 
 
125.0 317.0 1.24 3.145 
 
190.0 -17.1 1.885 -0.17 
 
135.0 318.0 1.339 3.155 
 
195.0 -15.1 1.935 -0.15 
 
145.0 320.0 1.438 3.175 
 
200.0 -12.4 1.984 -0.123 
 
155.0 326.0 1.538 3.234 
 
205.0 -9.3 2.034 -0.092 
 
165.0 331.0 1.637 3.284 
 
210.0 -7.4 2.083 -0.073 
 
175.0 332.0 1.736 3.294 
 
215.0 -4.9 2.133 -0.049 
 
185.0 333.0 1.835 3.304 
 
220.0 -2.4 2.183 -0.024 
 
195.0 333.0 1.935 3.304 
 
225.0 0.4 2.232 0.004 
 
205.0 334.0 2.034 3.313 
 
230.0 2.3 2.282 0.023 
 
215.0 335.0 2.133 3.323 
 
235.0 4.3 2.331 0.043 
 
225.0 335.0 2.232 3.323 
 
240.0 6.4 2.381 0.063 
 
235.0 343.0 2.331 3.403 
 
245.0 9.1 2.431 0.09 
 
245.0 351.0 2.431 3.482 
 
250.0 10.5 2.48 0.104 
 
255.0 360.0 2.53 3.571 
 
255.0 12.3 2.53 0.122 
 
265.0 368.0 2.629 3.651 
 
260.0 13.7 2.579 0.136 
 
275.0 377.0 2.728 3.74 
 
265.0 15.8 2.629 0.157 
 
285.0 388.0 2.827 3.849 
 
270.0 16.3 2.679 0.162 
 
295.0 398.0 2.927 3.948 
 
275.0 16.9 2.728 0.168 
 
305.0 400.0 3.026 3.968 
 
280.0 17.8 2.778 0.177 
 
315.0 409.0 3.125 4.058 
 
285.0 17.5 2.827 0.174 
 
325.0 414.0 3.224 4.107 
 
290.0 16.0 2.877 0.159 
 
335.0 421.0 3.323 4.177 
 
295.0 15.3 2.927 0.152 
 
345.0 424.0 3.423 4.206 
 
300.0 13.7 2.976 0.136 
 
55.0 298.0 0.546 2.956 
 
305.0 12.8 3.026 0.127 
 
60.0 297.0 0.595 2.946 
 
310.0 12.0 3.075 0.119 
 
65.0 295.0 0.645 2.927 
 
315.0 10.8 3.125 0.107 
 
70.0 294.0 0.694 2.917 
 
320.0 11.1 3.175 0.11 
 
75.0 293.0 0.744 2.907 
 
325.0 12.0 3.224 0.119 
 
80.0 292.0 0.794 2.897 
 
330.0 12.4 3.274 0.123 
 
85.0 291.0 0.843 2.887 
 
335.0 14.2 3.323 0.141 
 
95.0 290.0 0.942 2.877 
 
340.0 14.4 3.373 0.143 
 
105.0 289.0 1.042 2.867 
 
345.0 15.8 3.423 0.157 
 
115.0 287.0 1.141 2.847 
 
349.0 17.2 3.462 0.171 
 
125.0 287.0 1.24 2.847 
 
355.0 20.4 3.522 0.202 
 
135.0 286.0 1.339 2.837 
 
360.0 21.3 3.571 0.211 
 
145.0 286.0 1.438 2.837 
 
365.0 22.9 3.621 0.227 
 
155.0 286.0 1.538 2.837 
 
370.0 24.0 3.671 0.238 
 
165.0 285.0 1.637 2.827 
 
375.0 24.5 3.72 0.243 
 
175.0 284.0 1.736 2.817 
 
380.0 22.9 3.77 0.227 
 
185.0 284.0 1.835 2.817 
 
385.0 20.2 3.819 0.2 
 
195.0 283.0 1.935 2.808 
 
390.0 18.4 3.869 0.183 
 
205.0 282.0 2.034 2.798 
 
395.0 17.6 3.919 0.175 
 
215.0 279.0 2.133 2.768 
 
400.0 17.5 3.968 0.174 
 
225.0 270.0 2.232 2.679 
 
405.0 17.8 4.018 0.177 
 
235.0 255.0 2.331 2.53 
 
415.0 19.3 4.117 0.191 
 
245.0 243.0 2.431 2.411 
 
425.0 21.8 4.216 0.216 
 
255.0 237.0 2.53 2.351 
 
435.0 25.2 4.315 0.25 
 
265.0 233.0 2.629 2.312 
 
445.0 27.2 4.415 0.27 
 
275.0 232.0 2.728 2.302 
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455.0 29.2 4.514 0.29 
 
285.0 231.0 2.827 2.292 
 
465.0 30.3 4.613 0.301 
 
295.0 228.0 2.927 2.262 
 
475.0 30.3 4.712 0.301 
 
305.0 224.0 3.026 2.222 
 
485.0 27.4 4.812 0.272 
 
315.0 221.0 3.125 2.192 
 
495.0 22.3 4.911 0.221 
 
325.0 219.0 3.224 2.173 
 
505.0 18.3 5.01 0.182 
 
335.0 217.0 3.323 2.153 
 
515.0 16.5 5.109 0.164 
 
345.0 215.0 3.423 2.133 
 
525.0 15.6 5.208 0.155 
 
345.0 66.0 3.423 0.655 
 
535.0 15.8 5.308 0.157 
 
335.0 68.0 3.323 0.675 
 
545.0 17.8 5.407 0.177 
 
325.0 70.0 3.224 0.694 
 
555.0 20.3 5.506 0.201 
 
315.0 69.0 3.125 0.685 
 
565.0 22.8 5.605 0.226 
 
305.0 67.0 3.026 0.665 
 
575.0 27.0 5.704 0.268 
 
295.0 60.0 2.927 0.595 
 
585.0 30.3 5.804 0.301 
 
285.0 52.0 2.827 0.516 
 
595.0 33.0 5.903 0.327 
 
275.0 48.0 2.728 0.476 
 
605.0 34.9 6.002 0.346 
 
265.0 42.0 2.629 0.417 
 
615.0 31.6 6.101 0.313 
 
255.0 35.0 2.53 0.347 
 
625.0 30.5 6.2 0.303 
 
245.0 27.0 2.431 0.268 
 
635.0 30.2 6.3 0.3 
 
235.0 21.0 2.331 0.208 
 
645.0 31.6 6.399 0.313 
 
225.0 0.0 2.232 0 
 
655.0 34.2 6.498 0.339 
 
355.0 61.0 3.522 0.605 
 
665.0 36.4 6.597 0.361 
 
365.0 54.0 3.621 0.536 
 
675.0 39.4 6.696 0.391 
 
375.0 53.0 3.72 0.526 
 
685.0 41.8 6.796 0.415 
 
385.0 60.0 3.819 0.595 
 
695.0 43.9 6.895 0.436 
 
380.0 71.0 3.77 0.704 
 
705.0 45.2 6.994 0.448 
 
380.0 99.0 3.77 0.982 
 
715.0 46.1 7.093 0.457 
 
370.0 113.0 3.671 1.121 
 
725.0 39.9 7.192 0.396 
 
380.0 121.0 3.77 1.2 
 
735.0 36.5 7.292 0.362 
 
390.0 150.0 3.869 1.488 
 
745.0 34.4 7.391 0.341 
 
395.0 165.0 3.919 1.637 
 
755.0 34.5 7.49 0.342 
 
390.0 185.0 3.869 1.835 
 
765.0 34.7 7.589 0.344 
 
385.0 193.0 3.819 1.915 
 
775.0 36.3 7.688 0.36 
 
375.0 204.0 3.72 2.024 
 
785.0 37.4 7.788 0.371 
 
365.0 208.0 3.621 2.063 
 
795.0 39.1 7.887 0.388 
 
355.0 212.0 3.522 2.103 
 
805.0 39.8 7.986 0.395 
 
355.0 435.0 3.522 4.315 
 
815.0 33.0 8.085 0.327 
 
365.0 439.0 3.621 4.355 
 
825.0 31.6 8.185 0.313 
 
375.0 452.0 3.72 4.484 
 
835.0 31.1 8.284 0.309 
 
385.0 456.0 3.819 4.524 
 
845.0 33.4 8.383 0.331 
 
395.0 465.0 3.919 4.613 
 
855.0 34.8 8.482 0.345 
 
405.0 470.0 4.018 4.663 
 
865.0 38.0 8.581 0.377 
 
415.0 475.0 4.117 4.712 
 
875.0 41.6 8.681 0.413 
 
425.0 477.0 4.216 4.732 
 
885.0 43.9 8.78 0.436 
 
435.0 479.0 4.315 4.752 
 
895.0 45.8 8.879 0.454 
 
445.0 482.0 4.415 4.782 
 
905.0 47.4 8.978 0.47 
 
455.0 483.0 4.514 4.792 
 
915.0 48.6 9.077 0.482 
 
465.0 485.0 4.613 4.812 
 
925.0 49.6 9.177 0.492 
 
475.0 515.0 4.712 5.109 
 
935.0 50.0 9.276 0.496 
 
485.0 537.0 4.812 5.327 
 
945.0 45.2 9.375 0.448 
 
495.0 547.0 4.911 5.427 
 
955.0 38.7 9.474 0.384 
 
505.0 561.0 5.01 5.565 
 
965.0 39.4 9.573 0.391 
 
515.0 568.0 5.109 5.635 
 
975.0 38.5 9.673 0.382 
 
525.0 572.0 5.208 5.675 
 
985.0 36.2 9.772 0.359 
 
535.0 577.0 5.308 5.724 
 
995.0 35.9 9.871 0.356 
 
-283.0 0.0 -2.808 0 
 
1005.0 35.9 9.97 0.356 
 
-283.0 -5.0 -2.808 -0.05 
 
1015.0 36.1 10.069 0.358 
 
-283.0 -10.0 -2.808 -0.099 
 
1025.0 36.7 10.169 0.364 
 
-283.0 -15.0 -2.808 -0.149 
 
1035.0 36.8 10.268 0.365 
 
-283.0 -20.0 -2.808 -0.198 
 
1045.0 37.4 10.367 0.371 
 
-283.0 -25.0 -2.808 -0.248 
      
-283.0 -30.0 -2.808 -0.298 
      
-282.0 -35.0 -2.798 -0.347 
      
-282.0 -40.0 -2.798 -0.397 
      
-282.0 -45.0 -2.798 -0.446 
      
-281.0 -50.0 -2.788 -0.496 
      
-280.0 -55.0 -2.778 -0.546 
      
-279.5 -60.0 -2.773 -0.595 
      
-279.0 -65.0 -2.768 -0.645 
      
-278.0 -70.0 -2.758 -0.694 
      
-277.5 -75.0 -2.753 -0.744 
      
-277.0 -80.0 -2.748 -0.794 
      
-274.0 -90.0 -2.718 -0.893 
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-272.0 -100.0 -2.698 -0.992 
      
-269.0 -110.0 -2.669 -1.091 
      
-262.0 -120.0 -2.599 -1.19 
      
-260.0 -122.0 -2.579 -1.21 
      
-255.0 -134.0 -2.53 -1.329 
      
-250.0 -141.0 -2.48 -1.399 
      
-245.0 -146.0 -2.431 -1.448 
      
-240.0 -154.0 -2.381 -1.528 
      
-235.0 -161.0 -2.331 -1.597 
      
-230.0 -167.0 -2.282 -1.657 
      
-225.0 -173.0 -2.232 -1.716 
      
-220.0 -179.0 -2.183 -1.776 
      
-215.0 -188.0 -2.133 -1.865 
      
-210.0 -192.0 -2.083 -1.905 
      
-205.0 -197.0 -2.034 -1.954 
      
-200.0 -201.0 -1.984 -1.994 
      
-195.0 -205.0 -1.935 -2.034 
      
-190.0 -209.0 -1.885 -2.073 
      
-185.0 -216.0 -1.835 -2.143 
      
-180.0 -219.0 -1.786 -2.173 
      
-175.0 -223.0 -1.736 -2.212 
      
-170.0 -228.0 -1.687 -2.262 
      
-165.0 -232.0 -1.637 -2.302 
      
-160.0 -235.0 -1.587 -2.331 
      
-155.0 -238.0 -1.538 -2.361 
      
-150.0 -240.0 -1.488 -2.381 
      
-145.0 -242.0 -1.438 -2.401 
      
-140.0 -246.0 -1.389 -2.44 
      
-135.0 -249.0 -1.339 -2.47 
      
-125.0 -255.0 -1.24 -2.53 
      
-115.0 -259.0 -1.141 -2.569 
      
-105.0 -263.0 -1.042 -2.609 
      
-95.0 -265.0 -0.942 -2.629 
      
-85.0 -269.0 -0.843 -2.669 
      
-75.0 -271.0 -0.744 -2.688 
      
-65.0 -273.0 -0.645 -2.708 
      
-55.0 -274.0 -0.546 -2.718 
      
-45.0 -276.0 -0.446 -2.738 
      
-35.0 -278.0 -0.347 -2.758 
      
-25.0 -280.0 -0.248 -2.778 
      
-15.0 -281.0 -0.149 -2.788 
      
-5.0 -282.0 -0.05 -2.798 
      
5.0 -283.0 0.05 -2.808 
      
15.0 -284.0 0.149 -2.817 
      
25.0 -286.0 0.248 -2.837 
      
35.0 -289.0 0.347 -2.867 
      
45.0 -293.0 0.446 -2.907 
      
50.0 -296.0 0.496 -2.937 
      
55.0 -302.0 0.546 -2.996 
      
60.0 -305.0 0.595 -3.026 
      
65.0 -308.0 0.645 -3.056 
      
70.0 -310.0 0.694 -3.075 
      
75.0 -312.0 0.744 -3.095 
      
85.0 -314.0 0.843 -3.115 
      
95.0 -317.0 0.942 -3.145 
      
105.0 -316.0 1.042 -3.135 
      
115.0 -316.0 1.141 -3.135 
      
125.0 -317.0 1.24 -3.145 
      
135.0 -318.0 1.339 -3.155 
      
145.0 -320.0 1.438 -3.175 
      
155.0 -326.0 1.538 -3.234 
      
165.0 -331.0 1.637 -3.284 
      
175.0 -332.0 1.736 -3.294 
      
185.0 -333.0 1.835 -3.304 
      
195.0 -333.0 1.935 -3.304 
      
205.0 -334.0 2.034 -3.313 
      
215.0 -335.0 2.133 -3.323 
      
225.0 -335.0 2.232 -3.323 
      
235.0 -343.0 2.331 -3.403 
      
245.0 -351.0 2.431 -3.482 
      
255.0 -360.0 2.53 -3.571 
      
265.0 -368.0 2.629 -3.651 
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275.0 -377.0 2.728 -3.74 
      
285.0 -388.0 2.827 -3.849 
      
295.0 -398.0 2.927 -3.948 
      
305.0 -400.0 3.026 -3.968 
      
315.0 -409.0 3.125 -4.058 
      
325.0 -414.0 3.224 -4.107 
      
335.0 -421.0 3.323 -4.177 
      
345.0 -424.0 3.423 -4.206 
      
55.0 -298.0 0.546 -2.956 
      
60.0 -297.0 0.595 -2.946 
      
65.0 -295.0 0.645 -2.927 
      
70.0 -294.0 0.694 -2.917 
      
75.0 -293.0 0.744 -2.907 
      
80.0 -292.0 0.794 -2.897 
      
85.0 -291.0 0.843 -2.887 
      
95.0 -290.0 0.942 -2.877 
      
105.0 -289.0 1.042 -2.867 
      
115.0 -287.0 1.141 -2.847 
      
125.0 -287.0 1.24 -2.847 
      
135.0 -286.0 1.339 -2.837 
      
145.0 -286.0 1.438 -2.837 
      
155.0 -286.0 1.538 -2.837 
      
165.0 -285.0 1.637 -2.827 
      
175.0 -284.0 1.736 -2.817 
      
185.0 -284.0 1.835 -2.817 
      
195.0 -283.0 1.935 -2.808 
      
205.0 -282.0 2.034 -2.798 
      
215.0 -279.0 2.133 -2.768 
      
225.0 -270.0 2.232 -2.679 
      
235.0 -255.0 2.331 -2.53 
      
245.0 -243.0 2.431 -2.411 
      
255.0 -237.0 2.53 -2.351 
      
265.0 -233.0 2.629 -2.312 
      
275.0 -232.0 2.728 -2.302 
      
285.0 -231.0 2.827 -2.292 
      
295.0 -228.0 2.927 -2.262 
      
305.0 -224.0 3.026 -2.222 
      
315.0 -221.0 3.125 -2.192 
      
325.0 -219.0 3.224 -2.173 
      
335.0 -217.0 3.323 -2.153 
      
345.0 -215.0 3.423 -2.133 
      
345.0 -66.0 3.423 -0.655 
      
335.0 -68.0 3.323 -0.675 
      
325.0 -70.0 3.224 -0.694 
      
315.0 -69.0 3.125 -0.685 
      
305.0 -67.0 3.026 -0.665 
      
295.0 -60.0 2.927 -0.595 
      
285.0 -52.0 2.827 -0.516 
      
275.0 -48.0 2.728 -0.476 
      
265.0 -42.0 2.629 -0.417 
      
255.0 -35.0 2.53 -0.347 
      
245.0 -27.0 2.431 -0.268 
      
235.0 -21.0 2.331 -0.208 
      
225.0 0.0 2.232 0 
      
355.0 -61.0 3.522 -0.605 
      
365.0 -54.0 3.621 -0.536 
      
375.0 -53.0 3.72 -0.526 
      
385.0 -60.0 3.819 -0.595 
      
380.0 -71.0 3.77 -0.704 
      
380.0 -99.0 3.77 -0.982 
      
370.0 -113.0 3.671 -1.121 
      
380.0 -121.0 3.77 -1.2 
      
390.0 -150.0 3.869 -1.488 
      
395.0 -165.0 3.919 -1.637 
      
390.0 -185.0 3.869 -1.835 
      
385.0 -193.0 3.819 -1.915 
      
375.0 -204.0 3.72 -2.024 
      
365.0 -208.0 3.621 -2.063 
      
355.0 -212.0 3.522 -2.103 
      
355.0 -435.0 3.522 -4.315 
      
365.0 -439.0 3.621 -4.355 
      
375.0 -452.0 3.72 -4.484 
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385.0 -456.0 3.819 -4.524 
      
395.0 -465.0 3.919 -4.613 
      
405.0 -470.0 4.018 -4.663 
      
415.0 -475.0 4.117 -4.712 
      
425 -477 4.216 -4.732 
      
435 -479 4.315 -4.752 
      
445 -482 4.415 -4.782 
      
455 -483 4.514 -4.792 
      
465 -485 4.613 -4.812 
      
475 -515 4.712 -5.109 
      
485 -537 4.812 -5.327 
      
495 -547 4.911 -5.427 
      
505 -561 5.01 -5.565 
      
515 -568 5.109 -5.635 
      
525 -572 5.208 -5.675 
      
535 -577 5.308 -5.724 
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Experiment No. E3 
  
D/B = 7.3% 
   Pier Diameter D (mm) 88.9 
  
D/d50 = 174 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 72 
       Blockage Ratio D/B 0.073 
       Relative Coarseness D/d50 174.3 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 1.350 
       Scour Depth ds 108.3 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-260.0 0.0 -2.925 0.000 
 
-255.0 0.0 -2.868 0.000 
 
-255.0 -0.4 -2.868 -0.004 
 
-255.0 -10.0 -2.868 -0.112 
 
-250.0 -0.1 -2.812 -0.001 
 
-255.0 -20.0 -2.868 -0.225 
 
-245.0 -2.0 -2.756 -0.022 
 
-254.0 -30.0 -2.857 -0.337 
 
-240.0 -4.7 -2.700 -0.053 
 
-252.5 -40.0 -2.840 -0.450 
 
-235.0 -7.2 -2.643 -0.081 
 
-251.0 -50.0 -2.823 -0.562 
 
-230.0 -10.3 -2.587 -0.116 
 
-248.0 -60.0 -2.790 -0.675 
 
-225.0 -12.6 -2.531 -0.142 
 
-245.0 -67.0 -2.756 -0.754 
 
-220.0 -15.3 -2.475 -0.172 
 
-240.0 -81.0 -2.700 -0.911 
 
-215.0 -18.3 -2.418 -0.206 
 
-235.0 -91.0 -2.643 -1.024 
 
-210.0 -21.3 -2.362 -0.240 
 
-230.0 -100.0 -2.587 -1.125 
 
-205.0 -24.2 -2.306 -0.272 
 
-225.0 -111.0 -2.531 -1.249 
 
-200.0 -26.8 -2.250 -0.301 
 
-220.0 -122.0 -2.475 -1.372 
 
-195.0 -29.2 -2.193 -0.328 
 
-215.0 -133.0 -2.418 -1.496 
 
-190.0 -32.1 -2.137 -0.361 
 
-210.0 -139.0 -2.362 -1.564 
 
-185.0 -35.3 -2.081 -0.397 
 
-205.0 -143.0 -2.306 -1.609 
 
-180.0 -37.9 -2.025 -0.426 
 
-200.0 -150.0 -2.250 -1.687 
 
-175.0 -40.4 -1.969 -0.454 
 
-195.0 -153.0 -2.193 -1.721 
 
-170.0 -43.1 -1.912 -0.485 
 
-190.0 -162.0 -2.137 -1.822 
 
-165.0 -46.3 -1.856 -0.521 
 
-185.0 -165.0 -2.081 -1.856 
 
-160.0 -49.3 -1.800 -0.555 
 
-180.0 -169.0 -2.025 -1.901 
 
-155.0 -52.1 -1.744 -0.586 
 
-175.0 -175.0 -1.969 -1.969 
 
-150.0 -54.4 -1.687 -0.612 
 
-170.0 -177.0 -1.912 -1.991 
 
-145.0 -57.4 -1.631 -0.646 
 
-165.0 -181.0 -1.856 -2.036 
 
-140.0 -59.5 -1.575 -0.669 
 
-160.0 -184.0 -1.800 -2.070 
 
-135.0 -61.8 -1.519 -0.695 
 
-150.0 -190.0 -1.687 -2.137 
 
-130.0 -65.3 -1.462 -0.735 
 
-140.0 -196.0 -1.575 -2.205 
 
-125.0 -69.1 -1.406 -0.777 
 
-130.0 -202.0 -1.462 -2.272 
 
-120.0 -71.7 -1.350 -0.807 
 
-120.0 -206.0 -1.350 -2.317 
 
-115.0 -74.0 -1.294 -0.832 
 
-110.0 -211.0 -1.237 -2.373 
 
-110.0 -77.1 -1.237 -0.867 
 
-100.0 -214.0 -1.125 -2.407 
 
-105.0 -80.9 -1.181 -0.910 
 
-90.0 -217.0 -1.012 -2.441 
 
-100.0 -83.5 -1.125 -0.939 
 
-80.0 -220.0 -0.900 -2.475 
 
-95.0 -86.6 -1.069 -0.974 
 
-70.0 -224.0 -0.787 -2.520 
 
-90.0 -89.7 -1.012 -1.009 
 
-60.0 -227.0 -0.675 -2.553 
 
-85.0 -93.0 -0.956 -1.046 
 
-50.0 -229.0 -0.562 -2.576 
 
-80.0 -96.3 -0.900 -1.083 
 
-40.0 -231.0 -0.450 -2.598 
 
-75.0 -98.6 -0.844 -1.109 
 
-30.0 -233.0 -0.337 -2.621 
 
-70.0 -103.0 -0.787 -1.159 
 
-20.0 -235.0 -0.225 -2.643 
 
-65.0 -105.8 -0.731 -1.190 
 
-10.0 -236.0 -0.112 -2.655 
 
-60.0 -108.2 -0.675 -1.217 
 
0.0 -238.0 0.000 -2.677 
 
-55.0 -108.3 -0.619 -1.218 
 
10.0 -239.0 0.112 -2.688 
 
-50.0 -107.8 -0.562 -1.213 
 
20.0 -240.0 0.225 -2.700 
 
-48.0 -106.2 -0.540 -1.195 
 
30.0 -242.0 0.337 -2.722 
 
50.0 -65.7 0.562 -0.739 
 
40.0 -244.0 0.450 -2.745 
 
55.0 -67.8 0.619 -0.763 
 
50.0 -245.0 0.562 -2.756 
 
60.0 -68.0 0.675 -0.765 
 
60.0 -246.0 0.675 -2.767 
 
65.0 -68.6 0.731 -0.772 
 
70.0 -246.0 0.787 -2.767 
 
70.0 -68.3 0.787 -0.768 
 
80.0 -249.0 0.900 -2.801 
 
75.0 -66.6 0.844 -0.749 
 
90.0 -251.0 1.012 -2.823 
 
80.0 -64.8 0.900 -0.729 
 
95.0 -270.0 1.069 -3.037 
 
85.0 -61.6 0.956 -0.693 
 
100.0 -275.0 1.125 -3.093 
 
90.0 -58.5 1.012 -0.658 
 
105.0 -276.0 1.181 -3.105 
 
95.0 -54.3 1.069 -0.611 
 
110.0 -279.0 1.237 -3.138 
 
100.0 -51.6 1.125 -0.580 
 
120.0 -282.0 1.350 -3.172 
 
105.0 -48.7 1.181 -0.548 
 
130.0 -284.0 1.462 -3.195 
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110.0 -45.7 1.237 -0.514 
 
140.0 -284.0 1.575 -3.195 
 
115.0 -41.5 1.294 -0.467 
 
150.0 -284.0 1.687 -3.195 
 
120.0 -39.2 1.350 -0.441 
 
160.0 -283.0 1.800 -3.183 
 
125.0 -36.5 1.406 -0.411 
 
170.0 -283.0 1.912 -3.183 
 
130.0 -32.6 1.462 -0.367 
 
175.0 -288.0 1.969 -3.240 
 
135.0 -29.6 1.519 -0.333 
 
180.0 -294.0 2.025 -3.307 
 
140.0 -27.0 1.575 -0.304 
 
190.0 -295.0 2.137 -3.318 
 
145.0 -24.1 1.631 -0.271 
 
200.0 -295.0 2.250 -3.318 
 
150.0 -21.4 1.687 -0.241 
 
210.0 -297.0 2.362 -3.341 
 
155.0 -19.5 1.744 -0.219 
 
220.0 -300.0 2.475 -3.375 
 
160.0 -16.2 1.800 -0.182 
 
225.0 -304.0 2.531 -3.420 
 
165.0 -14.1 1.856 -0.159 
 
230.0 -309.0 2.587 -3.476 
 
170.0 -11.5 1.912 -0.129 
 
240.0 -321.0 2.700 -3.611 
 
175.0 -8.6 1.969 -0.097 
 
250.0 -329.0 2.812 -3.701 
 
180.0 -5.2 2.025 -0.058 
 
260.0 -341.0 2.925 -3.836 
 
185.0 -2.3 2.081 -0.026 
 
270.0 -351.0 3.037 -3.948 
 
190.0 0.1 2.137 0.001 
 
280.0 -358.0 3.150 -4.027 
 
195.0 1.9 2.193 0.021 
 
290.0 -362.0 3.262 -4.072 
 
200.0 5.2 2.250 0.058 
 
300.0 -366.0 3.375 -4.117 
 
205.0 7.6 2.306 0.085 
 
310.0 -366.0 3.487 -4.117 
 
210.0 10.5 2.362 0.118 
 
320.0 -368.0 3.600 -4.139 
 
215.0 12.9 2.418 0.145 
 
330.0 -369.0 3.712 -4.151 
 
220.0 15.5 2.475 0.174 
 
340.0 -370.0 3.825 -4.162 
 
225.0 17.1 2.531 0.192 
 
350.0 -372.0 3.937 -4.184 
 
230.0 19.3 2.587 0.217 
 
353.0 -373.0 3.971 -4.196 
 
235.0 20.6 2.643 0.232 
 
100.0 -252.0 1.125 -2.835 
 
240.0 23.0 2.700 0.259 
 
110.0 -252.0 1.237 -2.835 
 
245.0 24.9 2.756 0.280 
 
120.0 -252.0 1.350 -2.835 
 
250.0 26.7 2.812 0.300 
 
130.0 -252.0 1.462 -2.835 
 
255.0 28.4 2.868 0.319 
 
140.0 -252.0 1.575 -2.835 
 
260.0 29.8 2.925 0.335 
 
150.0 -252.0 1.687 -2.835 
 
265.0 30.7 2.981 0.345 
 
155.0 -247.0 1.744 -2.778 
 
270.0 32.9 3.037 0.370 
 
160.0 -244.0 1.800 -2.745 
 
275.0 33.6 3.093 0.378 
 
165.0 -237.0 1.856 -2.666 
 
280.0 35.2 3.150 0.396 
 
170.0 -226.0 1.912 -2.542 
 
285.0 36.1 3.206 0.406 
 
175.0 -215.0 1.969 -2.418 
 
290.0 36.4 3.262 0.409 
 
180.0 -210.0 2.025 -2.362 
 
295.0 37.6 3.318 0.423 
 
185.0 -207.0 2.081 -2.328 
 
300.0 38.9 3.375 0.438 
 
195.0 -204.0 2.193 -2.295 
 
305.0 39.6 3.431 0.445 
 
205.0 -200.0 2.306 -2.250 
 
310.0 40.4 3.487 0.454 
 
215.0 -196.0 2.418 -2.205 
 
315.0 41.7 3.543 0.469 
 
225.0 -192.0 2.531 -2.160 
 
320.0 42.7 3.600 0.480 
 
235.0 -189.0 2.643 -2.126 
 
325.0 43.0 3.656 0.484 
 
245.0 -185.0 2.756 -2.081 
 
330.0 44.9 3.712 0.505 
 
255.0 -180.0 2.868 -2.025 
 
335.0 44.5 3.768 0.501 
 
265.0 -176.0 2.981 -1.980 
 
340.0 43.5 3.825 0.489 
 
275.0 -169.0 3.093 -1.901 
 
345.0 39.3 3.881 0.442 
 
285.0 -162.0 3.206 -1.822 
 
350.0 36.2 3.937 0.407 
 
295.0 -155.0 3.318 -1.744 
 
353.0 35.9 3.971 0.404 
 
305.0 -146.0 3.431 -1.642 
 
355.0 34.0 3.993 0.382 
 
310.0 -134.0 3.487 -1.507 
 
360.0 32.6 4.049 0.367 
 
307.0 -125.0 3.453 -1.406 
 
365.0 30.1 4.106 0.339 
 
305.0 -120.0 3.431 -1.350 
 
370.0 27.5 4.162 0.309 
 
300.0 -112.0 3.375 -1.260 
 
375.0 24.9 4.218 0.280 
 
295.0 -105.0 3.318 -1.181 
 
380.0 23.2 4.274 0.261 
 
290.0 -101.0 3.262 -1.136 
 
385.0 22.3 4.331 0.251 
 
280.0 -95.0 3.150 -1.069 
 
390.0 22.1 4.387 0.249 
 
270.0 -86.0 3.037 -0.967 
 
395.0 21.2 4.443 0.238 
 
260.0 -78.0 2.925 -0.877 
 
400.0 20.8 4.499 0.234 
 
250.0 -71.0 2.812 -0.799 
 
405.0 20.9 4.556 0.235 
 
240.0 -63.0 2.700 -0.709 
 
410.0 21.3 4.612 0.240 
 
230.0 -56.0 2.587 -0.630 
 
415.0 21.6 4.668 0.243 
 
220.0 -47.0 2.475 -0.529 
 
420.0 21.9 4.724 0.246 
 
210.0 -40.0 2.362 -0.450 
 
425.0 22.2 4.781 0.250 
 
200.0 -31.0 2.250 -0.349 
 
430.0 23.1 4.837 0.260 
 
195.0 -24.0 2.193 -0.270 
 
435.0 23.4 4.893 0.263 
 
192.0 0.0 2.160 0.000 
 
440.0 23.9 4.949 0.269 
 
360.0 -378.0 4.049 -4.252 
 
445.0 23.8 5.006 0.268 
 
365.0 -380.0 4.106 -4.274 
 
450.0 24.4 5.062 0.274 
 
370.0 -384.0 4.162 -4.319 
 
455.0 24.5 5.118 0.276 
 
375.0 -388.0 4.218 -4.364 
 
460.0 25.2 5.174 0.283 
 
380.0 -394.0 4.274 -4.432 
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465.0 24.8 5.231 0.279 
 
385.0 -404.0 4.331 -4.544 
 
470.0 25.8 5.287 0.290 
 
390.0 -413.0 4.387 -4.646 
 
475.0 26.0 5.343 0.292 
 
400.0 -428.0 4.499 -4.814 
 
480.0 26.9 5.399 0.303 
 
410.0 -441.0 4.612 -4.961 
 
485.0 27.3 5.456 0.307 
 
420.0 -456.0 4.724 -5.129 
 
490.0 28.5 5.512 0.321 
 
430.0 -469.0 4.837 -5.276 
 
495.0 28.9 5.568 0.325 
 
440.0 -479.0 4.949 -5.388 
 
500.0 29.8 5.624 0.335 
 
450.0 -488.0 5.062 -5.489 
 
505.0 30.0 5.681 0.337 
 
460.0 -494.0 5.174 -5.557 
 
510.0 30.3 5.737 0.341 
 
465.0 -499.0 5.231 -5.613 
 
515.0 30.8 5.793 0.346 
 
470.0 -503.0 5.287 -5.658 
 
520.0 29.9 5.849 0.336 
 
475.0 -507.0 5.343 -5.703 
 
525.0 29.0 5.906 0.326 
 
480.0 -510.0 5.399 -5.737 
 
530.0 27.7 5.962 0.312 
 
485.0 -513.0 5.456 -5.771 
 
535.0 27.3 6.018 0.307 
 
490.0 -515.0 5.512 -5.793 
 
540.0 28.1 6.074 0.316 
 
500.0 -516.0 5.624 -5.804 
 
545.0 29.0 6.130 0.326 
 
510.0 -517.0 5.737 -5.816 
 
550.0 29.8 6.187 0.335 
 
520.0 -518.0 5.849 -5.827 
 
555.0 28.7 6.243 0.323 
 
530.0 -519.0 5.962 -5.838 
 
560.0 24.9 6.299 0.280 
 
540.0 -519.0 6.074 -5.838 
 
565.0 23.8 6.355 0.268 
 
550.0 -520.0 6.187 -5.849 
 
570.0 23.4 6.412 0.263 
 
555.0 -523.0 6.243 -5.883 
 
580.0 24.0 6.524 0.270 
 
560.0 -525.0 6.299 -5.906 
 
590.0 25.3 6.637 0.285 
 
565.0 -528.0 6.355 -5.939 
 
600.0 26.6 6.749 0.299 
 
570.0 -534.0 6.412 -6.007 
 
610.0 28.1 6.862 0.316 
 
575.0 -541.0 6.468 -6.085 
 
620.0 29.8 6.974 0.335 
 
580.0 -559.0 6.524 -6.288 
 
630.0 32.0 7.087 0.360 
 
584.0 -574.0 6.569 -6.457 
 
640.0 35.3 7.199 0.397 
 
-255.0 0.0 -2.868 0.000 
 
650.0 37.7 7.312 0.424 
 
-255.0 10.0 -2.868 0.112 
 
660.0 40.4 7.424 0.454 
 
-255.0 20.0 -2.868 0.225 
 
670.0 42.6 7.537 0.479 
 
-254.0 30.0 -2.857 0.337 
 
680.0 38.6 7.649 0.434 
 
-252.5 40.0 -2.840 0.450 
 
690.0 33.8 7.762 0.380 
 
-251.0 50.0 -2.823 0.562 
 
700.0 31.6 7.874 0.355 
 
-248.0 60.0 -2.790 0.675 
 
710.0 30.5 7.987 0.343 
 
-245.0 67.0 -2.756 0.754 
 
720.0 30.6 8.099 0.344 
 
-240.0 81.0 -2.700 0.911 
 
730.0 30.7 8.211 0.345 
 
-235.0 91.0 -2.643 1.024 
 
740.0 32.9 8.324 0.370 
 
-230.0 100.0 -2.587 1.125 
 
750.0 35.0 8.436 0.394 
 
-225.0 111.0 -2.531 1.249 
 
760.0 37.7 8.549 0.424 
 
-220.0 122.0 -2.475 1.372 
 
770.0 40.0 8.661 0.450 
 
-215.0 133.0 -2.418 1.496 
 
780.0 41.9 8.774 0.471 
 
-210.0 139.0 -2.362 1.564 
 
790.0 43.6 8.886 0.490 
 
-205.0 143.0 -2.306 1.609 
 
800.0 45.0 8.999 0.506 
 
-200.0 150.0 -2.250 1.687 
 
810.0 45.1 9.111 0.507 
 
-195.0 153.0 -2.193 1.721 
 
820.0 38.8 9.224 0.436 
 
-190.0 162.0 -2.137 1.822 
 
830.0 34.7 9.336 0.390 
 
-185.0 165.0 -2.081 1.856 
 
840.0 34.4 9.449 0.387 
 
-180.0 169.0 -2.025 1.901 
 
850.0 34.1 9.561 0.384 
 
-175.0 175.0 -1.969 1.969 
 
860.0 34.5 9.674 0.388 
 
-170.0 177.0 -1.912 1.991 
 
870.0 35.7 9.786 0.402 
 
-165.0 181.0 -1.856 2.036 
 
880.0 35.9 9.899 0.404 
 
-160.0 184.0 -1.800 2.070 
 
890.0 30.1 10.011 0.339 
 
-150.0 190.0 -1.687 2.137 
 
900.0 25.2 10.124 0.283 
 
-140.0 196.0 -1.575 2.205 
 
910.0 25.2 10.236 0.283 
 
-130.0 202.0 -1.462 2.272 
 
920.0 26.0 10.349 0.292 
 
-120.0 206.0 -1.350 2.317 
 
930.0 28.7 10.461 0.323 
 
-110.0 211.0 -1.237 2.373 
 
940.0 29.9 10.574 0.336 
 
-100.0 214.0 -1.125 2.407 
 
950.0 30.8 10.686 0.346 
 
-90.0 217.0 -1.012 2.441 
 
960.0 30.7 10.799 0.345 
 
-80.0 220.0 -0.900 2.475 
 
970.0 29.8 10.911 0.335 
 
-70.0 224.0 -0.787 2.520 
 
980.0 22.9 11.024 0.258 
 
-60.0 227.0 -0.675 2.553 
 
990.0 15.1 11.136 0.170 
 
-50.0 229.0 -0.562 2.576 
 
1000.0 9.4 11.249 0.106 
 
-40.0 231.0 -0.450 2.598 
 
1010.0 8.0 11.361 0.090 
 
-30.0 233.0 -0.337 2.621 
 
1020.0 8.0 11.474 0.090 
 
-20.0 235.0 -0.225 2.643 
 
1030.0 7.7 11.586 0.087 
 
-10.0 236.0 -0.112 2.655 
 
1040.0 6.9 11.699 0.078 
 
0.0 238.0 0.000 2.677 
 
1050.0 5.4 11.811 0.061 
 
10.0 239.0 0.112 2.688 
      
20.0 240.0 0.225 2.700 
      
30.0 242.0 0.337 2.722 
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40.0 244.0 0.450 2.745 
      
50.0 245.0 0.562 2.756 
      
60.0 246.0 0.675 2.767 
      
70.0 246.0 0.787 2.767 
      
80.0 249.0 0.900 2.801 
      
90.0 251.0 1.012 2.823 
      
95.0 270.0 1.069 3.037 
      
100.0 275.0 1.125 3.093 
      
105.0 276.0 1.181 3.105 
      
110.0 279.0 1.237 3.138 
      
120.0 282.0 1.350 3.172 
      
130.0 284.0 1.462 3.195 
      
140.0 284.0 1.575 3.195 
      
150.0 284.0 1.687 3.195 
      
160.0 283.0 1.800 3.183 
      
170.0 283.0 1.912 3.183 
      
175.0 288.0 1.969 3.240 
      
180.0 294.0 2.025 3.307 
      
190.0 295.0 2.137 3.318 
      
200.0 295.0 2.250 3.318 
      
210.0 297.0 2.362 3.341 
      
220.0 300.0 2.475 3.375 
      
225.0 304.0 2.531 3.420 
      
230.0 309.0 2.587 3.476 
      
240.0 321.0 2.700 3.611 
      
250.0 329.0 2.812 3.701 
      
260.0 341.0 2.925 3.836 
      
270.0 351.0 3.037 3.948 
      
280.0 358.0 3.150 4.027 
      
290.0 362.0 3.262 4.072 
      
300.0 366.0 3.375 4.117 
      
310.0 366.0 3.487 4.117 
      
320.0 368.0 3.600 4.139 
      
330.0 369.0 3.712 4.151 
      
340.0 370.0 3.825 4.162 
      
350.0 372.0 3.937 4.184 
      
353.0 373.0 3.971 4.196 
      
100.0 252.0 1.125 2.835 
      
110.0 252.0 1.237 2.835 
      
120.0 252.0 1.350 2.835 
      
130.0 252.0 1.462 2.835 
      
140.0 252.0 1.575 2.835 
      
150.0 252.0 1.687 2.835 
      
155.0 247.0 1.744 2.778 
      
160.0 244.0 1.800 2.745 
      
165.0 237.0 1.856 2.666 
      
170.0 226.0 1.912 2.542 
      
175.0 215.0 1.969 2.418 
      
180.0 210.0 2.025 2.362 
      
185.0 207.0 2.081 2.328 
      
195.0 204.0 2.193 2.295 
      
205.0 200.0 2.306 2.250 
      
215.0 196.0 2.418 2.205 
      
225.0 192.0 2.531 2.160 
      
235.0 189.0 2.643 2.126 
      
245.0 185.0 2.756 2.081 
      
255.0 180.0 2.868 2.025 
      
265.0 176.0 2.981 1.980 
      
275.0 169.0 3.093 1.901 
      
285.0 162.0 3.206 1.822 
      
295.0 155.0 3.318 1.744 
      
305.0 146.0 3.431 1.642 
      
310.0 134.0 3.487 1.507 
      
307.0 125.0 3.453 1.406 
      
305.0 120.0 3.431 1.350 
      
300.0 112.0 3.375 1.260 
      
295.0 105.0 3.318 1.181 
      
290.0 101.0 3.262 1.136 
      
280.0 95.0 3.150 1.069 
      
270.0 86.0 3.037 0.967 
      
260.0 78.0 2.925 0.877 
      
250.0 71.0 2.812 0.799 
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240.0 63.0 2.700 0.709 
      
230.0 56.0 2.587 0.630 
      
220.0 47.0 2.475 0.529 
      
210.0 40.0 2.362 0.450 
      
200.0 31.0 2.250 0.349 
      
195.0 24.0 2.193 0.270 
      
192.0 0.0 2.160 0.000 
      
360.0 378.0 4.049 4.252 
      
365.0 380.0 4.106 4.274 
      
370.0 384.0 4.162 4.319 
      
375.0 388.0 4.218 4.364 
      
380.0 394.0 4.274 4.432 
      
385.0 404.0 4.331 4.544 
      
390.0 413.0 4.387 4.646 
      
400.0 428.0 4.499 4.814 
      
410.0 441.0 4.612 4.961 
      
420.0 456.0 4.724 5.129 
      
430.0 469.0 4.837 5.276 
      
440.0 479.0 4.949 5.388 
      
450.0 488.0 5.062 5.489 
      
460.0 494.0 5.174 5.557 
      
465.0 499.0 5.231 5.613 
      
470.0 503.0 5.287 5.658 
      
475.0 507.0 5.343 5.703 
      
480.0 510.0 5.399 5.737 
      
485.0 513.0 5.456 5.771 
      
490.0 515.0 5.512 5.793 
      
500.0 516.0 5.624 5.804 
      
510.0 517.0 5.737 5.816 
      
520.0 518.0 5.849 5.827 
      
530.0 519.0 5.962 5.838 
      
540.0 519.0 6.074 5.838 
      
550.0 520.0 6.187 5.849 
      
555.0 523.0 6.243 5.883 
      
560.0 525.0 6.299 5.906 
      
565.0 528.0 6.355 5.939 
      
570.0 534.0 6.412 6.007 
      
575.0 541.0 6.468 6.085 
      
580.0 559.0 6.524 6.288 
      
584.0 574.0 6.569 6.457 
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Experiment No. E4 
  
D/B = 6.5% 
   Pier Diameter D (mm) 79.375 
  
D/d50 = 156 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 72 
       Blockage Ratio D/B 0.065 
       Relative Coarseness D/d50 155.6 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 1.512 
       Scour Depth ds 105.5 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-239.0 -1.6 -3.011 -0.020 
 
-234.0 0.0 -2.948 0.000 
 
-234.0 -2.1 -2.948 -0.026 
 
-234.0 -4.0 -2.948 -0.050 
 
-229.0 -2.5 -2.885 -0.031 
 
-234.0 -9.0 -2.948 -0.113 
 
-224.0 -5.1 -2.822 -0.064 
 
-234.0 -14.0 -2.948 -0.176 
 
-219.0 -7.7 -2.759 -0.097 
 
-234.0 -19.0 -2.948 -0.239 
 
-214.0 -10.5 -2.696 -0.132 
 
-234.0 -24.0 -2.948 -0.302 
 
-209.0 -12.6 -2.633 -0.159 
 
-233.0 -29.0 -2.935 -0.365 
 
-204.0 -15.7 -2.570 -0.198 
 
-232.0 -34.0 -2.923 -0.428 
 
-199.0 -18.2 -2.507 -0.229 
 
-230.0 -39.0 -2.898 -0.491 
 
-194.0 -21.9 -2.444 -0.276 
 
-229.0 -44.0 -2.885 -0.554 
 
-189.0 -25.0 -2.381 -0.315 
 
-228.0 -49.0 -2.872 -0.617 
 
-184.0 -27.7 -2.318 -0.349 
 
-228.0 -54.0 -2.872 -0.680 
 
-179.0 -29.5 -2.255 -0.372 
 
-227.0 -59.0 -2.860 -0.743 
 
-174.0 -33.5 -2.192 -0.422 
 
-226.0 -64.0 -2.847 -0.806 
 
-169.0 -36.5 -2.129 -0.460 
 
-224.0 -69.0 -2.822 -0.869 
 
-164.0 -38.8 -2.066 -0.489 
 
-222.0 -74.0 -2.797 -0.932 
 
-159.0 -42.7 -2.003 -0.538 
 
-220.5 -79.0 -2.778 -0.995 
 
-154.0 -45.2 -1.940 -0.569 
 
-218.0 -84.0 -2.746 -1.058 
 
-149.0 -48.9 -1.877 -0.616 
 
-216.5 -89.0 -2.728 -1.121 
 
-144.0 -51.1 -1.814 -0.644 
 
-214.0 -94.0 -2.696 -1.184 
 
-139.0 -53.4 -1.751 -0.673 
 
-212.0 -99.0 -2.671 -1.247 
 
-134.0 -56.4 -1.688 -0.711 
 
-209.0 -104.0 -2.633 -1.310 
 
-129.0 -60.3 -1.625 -0.760 
 
-206.5 -109.0 -2.602 -1.373 
 
-124.0 -63.7 -1.562 -0.803 
 
-203.0 -114.0 -2.557 -1.436 
 
-119.0 -65.3 -1.499 -0.823 
 
-199.0 -117.0 -2.507 -1.474 
 
-114.0 -68.0 -1.436 -0.857 
 
-194.0 -125.0 -2.444 -1.575 
 
-109.0 -71.1 -1.373 -0.896 
 
-189.0 -133.0 -2.381 -1.676 
 
-104.0 -74.8 -1.310 -0.942 
 
-184.0 -140.0 -2.318 -1.764 
 
-99.0 -78.8 -1.247 -0.993 
 
-179.0 -144.0 -2.255 -1.814 
 
-94.0 -81.2 -1.184 -1.023 
 
-174.0 -150.0 -2.192 -1.890 
 
-89.0 -84.2 -1.121 -1.061 
 
-169.0 -156.0 -2.129 -1.965 
 
-84.0 -87.6 -1.058 -1.104 
 
-164.0 -161.0 -2.066 -2.028 
 
-79.0 -90.8 -0.995 -1.144 
 
-159.0 -165.0 -2.003 -2.079 
 
-74.0 -93.9 -0.932 -1.183 
 
-154.0 -170.0 -1.940 -2.142 
 
-69.0 -96.8 -0.869 -1.220 
 
-149.0 -176.0 -1.877 -2.217 
 
-64.0 -101.1 -0.806 -1.274 
 
-144.0 -179.0 -1.814 -2.255 
 
-59.0 -104.7 -0.743 -1.319 
 
-139.0 -183.0 -1.751 -2.306 
 
-54.0 -105.5 -0.680 -1.329 
 
-134.0 -185.0 -1.688 -2.331 
 
-49.0 -104.2 -0.617 -1.313 
 
-129.0 -188.0 -1.625 -2.369 
 
-44.0 -104.2 -0.554 -1.313 
 
-124.0 -191.0 -1.562 -2.406 
 
-43.0 -102.0 -0.542 -1.285 
 
-119.0 -195.0 -1.499 -2.457 
 
43.0 -65.7 0.542 -0.828 
 
-114.0 -198.0 -1.436 -2.494 
 
46.0 -66.1 0.580 -0.833 
 
-109.0 -201.0 -1.373 -2.532 
 
51.0 -67.1 0.643 -0.845 
 
-99.0 -205.0 -1.247 -2.583 
 
56.0 -68.7 0.706 -0.866 
 
-89.0 -209.0 -1.121 -2.633 
 
61.0 -69.4 0.769 -0.874 
 
-79.0 -213.0 -0.995 -2.683 
 
66.0 -68.5 0.831 -0.863 
 
-69.0 -215.0 -0.869 -2.709 
 
71.0 -66.3 0.894 -0.835 
 
-59.0 -218.0 -0.743 -2.746 
 
76.0 -64.6 0.957 -0.814 
 
-49.0 -221.0 -0.617 -2.784 
 
81.0 -62.4 1.020 -0.786 
 
-39.0 -223.0 -0.491 -2.809 
 
86.0 -59.3 1.083 -0.747 
 
-29.0 -225.0 -0.365 -2.835 
 
91.0 -56.2 1.146 -0.708 
 
-19.0 -229.0 -0.239 -2.885 
 
96.0 -52.9 1.209 -0.666 
 
-9.0 -231.0 -0.113 -2.910 
 
101.0 -48.6 1.272 -0.612 
 
1.0 -232.0 0.013 -2.923 
 
106.0 -46.6 1.335 -0.587 
 
11.0 -233.0 0.139 -2.935 
 
111.0 -42.9 1.398 -0.540 
 
21.0 -234.0 0.265 -2.948 
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116.0 -41.0 1.461 -0.517 
 
31.0 -235.0 0.391 -2.961 
 
121.0 -37.1 1.524 -0.467 
 
41.0 -236.0 0.517 -2.973 
 
126.0 -34.8 1.587 -0.438 
 
51.0 -237.0 0.643 -2.986 
 
131.0 -31.7 1.650 -0.399 
 
61.0 -239.0 0.769 -3.011 
 
136.0 -27.9 1.713 -0.351 
 
71.0 -239.0 0.894 -3.011 
 
141.0 -25.8 1.776 -0.325 
 
81.0 -241.0 1.020 -3.036 
 
146.0 -22.6 1.839 -0.285 
 
91.0 -245.0 1.146 -3.087 
 
151.0 -19.7 1.902 -0.248 
 
101.0 -248.0 1.272 -3.124 
 
156.0 -16.3 1.965 -0.205 
 
111.0 -251.0 1.398 -3.162 
 
161.0 -14.1 2.028 -0.178 
 
121.0 -252.0 1.524 -3.175 
 
166.0 -10.4 2.091 -0.131 
 
131.0 -252.0 1.650 -3.175 
 
171.0 -8.2 2.154 -0.103 
 
141.0 -255.0 1.776 -3.213 
 
176.0 -5.5 2.217 -0.069 
 
151.0 -256.0 1.902 -3.225 
 
181.0 -3.8 2.280 -0.048 
 
161.0 -258.0 2.028 -3.250 
 
186.0 -1.1 2.343 -0.014 
 
171.0 -261.0 2.154 -3.288 
 
191.0 1.9 2.406 0.024 
 
181.0 -263.0 2.280 -3.313 
 
196.0 4.3 2.469 0.054 
 
191.0 -265.0 2.406 -3.339 
 
201.0 6.7 2.532 0.084 
 
201.0 -267.0 2.532 -3.364 
 
206.0 8.9 2.595 0.112 
 
211.0 -274.0 2.658 -3.452 
 
211.0 10.9 2.658 0.137 
 
216.0 -277.0 2.721 -3.490 
 
216.0 13.5 2.721 0.170 
 
221.0 -279.0 2.784 -3.515 
 
221.0 15.0 2.784 0.189 
 
226.0 -283.0 2.847 -3.565 
 
226.0 17.1 2.847 0.215 
 
231.0 -288.0 2.910 -3.628 
 
231.0 19.5 2.910 0.246 
 
236.0 -294.0 2.973 -3.704 
 
236.0 20.5 2.973 0.258 
 
241.0 -301.0 3.036 -3.792 
 
241.0 22.7 3.036 0.286 
 
251.0 -315.0 3.162 -3.969 
 
246.0 24.5 3.099 0.309 
 
261.0 -336.0 3.288 -4.233 
 
251.0 25.8 3.162 0.325 
 
271.0 -349.0 3.414 -4.397 
 
256.0 27.2 3.225 0.343 
 
281.0 -360.0 3.540 -4.535 
 
261.0 28.3 3.288 0.357 
 
291.0 -370.0 3.666 -4.661 
 
266.0 29.5 3.351 0.372 
 
301.0 -378.0 3.792 -4.762 
 
271.0 30.9 3.414 0.389 
 
311.0 -387.0 3.918 -4.876 
 
276.0 32.5 3.477 0.409 
 
321.0 -393.0 4.044 -4.951 
 
281.0 32.9 3.540 0.414 
 
331.0 -398.0 4.170 -5.014 
 
286.0 33.9 3.603 0.427 
 
341.0 -399.0 4.296 -5.027 
 
291.0 35.2 3.666 0.443 
 
343.0 -400.0 4.321 -5.039 
 
296.0 35.9 3.729 0.452 
 
131.0 -247.0 1.650 -3.112 
 
301.0 36.9 3.792 0.465 
 
141.0 -245.0 1.776 -3.087 
 
306.0 37.3 3.855 0.470 
 
151.0 -243.0 1.902 -3.061 
 
311.0 37.8 3.918 0.476 
 
161.0 -243.0 2.028 -3.061 
 
316.0 37.4 3.981 0.471 
 
171.0 -242.0 2.154 -3.049 
 
321.0 39.0 4.044 0.491 
 
181.0 -241.0 2.280 -3.036 
 
326.0 39.3 4.107 0.495 
 
191.0 -237.0 2.406 -2.986 
 
331.0 40.0 4.170 0.504 
 
196.0 -230.0 2.469 -2.898 
 
336.0 39.4 4.233 0.496 
 
196.0 -219.0 2.469 -2.759 
 
341.0 39.6 4.296 0.499 
 
201.0 -197.0 2.532 -2.482 
 
343.0 39.7 4.321 0.500 
 
206.0 -191.0 2.595 -2.406 
 
346.0 38.0 4.359 0.479 
 
211.0 -187.0 2.658 -2.356 
 
351.0 37.9 4.422 0.477 
 
216.0 -186.0 2.721 -2.343 
 
356.0 37.9 4.485 0.477 
 
221.0 -184.0 2.784 -2.318 
 
361.0 37.5 4.548 0.472 
 
226.0 -184.0 2.847 -2.318 
 
366.0 37.4 4.611 0.471 
 
231.0 -182.0 2.910 -2.293 
 
371.0 37.8 4.674 0.476 
 
241.0 -178.0 3.036 -2.243 
 
376.0 37.2 4.737 0.469 
 
251.0 -173.0 3.162 -2.180 
 
381.0 36.7 4.800 0.462 
 
261.0 -167.0 3.288 -2.104 
 
386.0 34.6 4.863 0.436 
 
271.0 -165.0 3.414 -2.079 
 
391.0 29.9 4.926 0.377 
 
281.0 -163.0 3.540 -2.054 
 
396.0 25.2 4.989 0.317 
 
291.0 -157.0 3.666 -1.978 
 
401.0 22.7 5.052 0.286 
 
301.0 -154.0 3.792 -1.940 
 
406.0 21.4 5.115 0.270 
 
306.0 -147.0 3.855 -1.852 
 
411.0 20.1 5.178 0.253 
 
306.0 -141.0 3.855 -1.776 
 
421.0 18.1 5.304 0.228 
 
306.0 -131.0 3.855 -1.650 
 
431.0 12.1 5.430 0.152 
 
301.0 -121.0 3.792 -1.524 
 
441.0 13.7 5.556 0.173 
 
296.0 -115.0 3.729 -1.449 
 
451.0 11.3 5.682 0.142 
 
291.0 -110.0 3.666 -1.386 
 
461.0 8.9 5.808 0.112 
 
281.0 -101.0 3.540 -1.272 
 
471.0 6.9 5.934 0.087 
 
271.0 -90.0 3.414 -1.134 
 
481.0 6.8 6.060 0.086 
 
261.0 -80.0 3.288 -1.008 
 
491.0 7.5 6.186 0.094 
 
251.0 -74.0 3.162 -0.932 
 
501.0 9.0 6.312 0.113 
 
241.0 -67.0 3.036 -0.844 
 
511.0 11.3 6.438 0.142 
 
231.0 -58.0 2.910 -0.731 
 
521.0 14.5 6.564 0.183 
 
221.0 -49.0 2.784 -0.617 
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531.0 17.0 6.690 0.214 
 
211.0 -41.0 2.658 -0.517 
 
541.0 19.5 6.816 0.246 
 
201.0 -37.0 2.532 -0.466 
 
551.0 22.7 6.942 0.286 
 
196.0 -31.0 2.469 -0.391 
 
561.0 26.3 7.068 0.331 
 
191.0 -27.0 2.406 -0.340 
 
571.0 29.2 7.194 0.368 
 
189.0 0.0 2.381 0.000 
 
581.0 32.5 7.320 0.409 
 
346.0 -403.0 4.359 -5.077 
 
591.0 34.9 7.446 0.440 
 
351.0 -404.0 4.422 -5.090 
 
601.0 36.3 7.572 0.457 
 
361.0 -405.0 4.548 -5.102 
 
611.0 37.6 7.698 0.474 
 
371.0 -407.0 4.674 -5.128 
 
621.0 38.7 7.824 0.488 
 
377.0 -409.0 4.750 -5.153 
 
631.0 40.5 7.950 0.510 
 
381.0 -423.0 4.800 -5.329 
 
641.0 37.8 8.076 0.476 
 
386.0 -434.0 4.863 -5.468 
 
651.0 31.1 8.202 0.392 
 
391.0 -444.0 4.926 -5.594 
 
661.0 29.5 8.328 0.372 
 
401.0 -456.0 5.052 -5.745 
 
671.0 26.2 8.454 0.330 
 
411.0 -464.0 5.178 -5.846 
 
681.0 25.2 8.580 0.317 
 
421.0 -471.0 5.304 -5.934 
 
691.0 21.9 8.706 0.276 
 
431.0 -477.0 5.430 -6.009 
 
701.0 18.7 8.831 0.236 
 
441.0 -483.0 5.556 -6.085 
 
711.0 17.8 8.957 0.224 
 
451.0 -489.0 5.682 -6.161 
 
721.0 18.8 9.083 0.237 
 
461.0 -492.0 5.808 -6.198 
 
731.0 21.0 9.209 0.265 
 
471.0 -495.0 5.934 -6.236 
 
741.0 24.3 9.335 0.306 
 
481.0 -499.0 6.060 -6.287 
 
751.0 26.6 9.461 0.335 
 
491.0 -499.0 6.186 -6.287 
 
761.0 30.2 9.587 0.380 
 
501.0 -500.0 6.312 -6.299 
 
771.0 33.2 9.713 0.418 
 
511.0 -500.0 6.438 -6.299 
 
781.0 36.8 9.839 0.464 
 
517.0 -501.0 6.513 -6.312 
 
791.0 38.7 9.965 0.488 
 
521.0 -507.0 6.564 -6.387 
 
801.0 40.0 10.091 0.504 
 
526.0 -514.0 6.627 -6.476 
 
811.0 39.1 10.217 0.493 
 
531.0 -518.0 6.690 -6.526 
 
821.0 33.5 10.343 0.422 
 
541.0 -538.0 6.816 -6.778 
 
831.0 31.5 10.469 0.397 
 
551.0 -553.0 6.942 -6.967 
 
841.0 29.6 10.595 0.373 
 
561.0 -561.0 7.068 -7.068 
 
851.0 28.9 10.721 0.364 
 
571.0 -569.0 7.194 -7.169 
 
861.0 28.6 10.847 0.360 
 
576.0 -574.0 7.257 -7.231 
 
871.0 29.1 10.973 0.367 
 
-234.0 0.0 -2.948 0.000 
 
881.0 30.7 11.099 0.387 
 
-234.0 4.0 -2.948 0.050 
 
891.0 31.4 11.225 0.396 
 
-234.0 9.0 -2.948 0.113 
 
901.0 32.6 11.351 0.411 
 
-234.0 14.0 -2.948 0.176 
 
911.0 34.0 11.477 0.428 
 
-234.0 19.0 -2.948 0.239 
 
921.0 34.2 11.603 0.431 
 
-234.0 24.0 -2.948 0.302 
 
931.0 27.8 11.729 0.350 
 
-233.0 29.0 -2.935 0.365 
 
941.0 20.0 11.855 0.252 
 
-232.0 34.0 -2.923 0.428 
 
951.0 17.9 11.981 0.226 
 
-230.0 39.0 -2.898 0.491 
 
961.0 18.2 12.107 0.229 
 
-229.0 44.0 -2.885 0.554 
 
971.0 18.1 12.233 0.228 
 
-228.0 49.0 -2.872 0.617 
 
981.0 19.0 12.359 0.239 
 
-228.0 54.0 -2.872 0.680 
 
991.0 19.1 12.485 0.241 
 
-227.0 59.0 -2.860 0.743 
 
1001.0 19.5 12.611 0.246 
 
-226.0 64.0 -2.847 0.806 
 
1011.0 19.0 12.737 0.239 
 
-224.0 69.0 -2.822 0.869 
 
1021.0 18.9 12.863 0.238 
 
-222.0 74.0 -2.797 0.932 
 
1031.0 17.3 12.989 0.218 
 
-220.5 79.0 -2.778 0.995 
 
1041.0 17.6 13.115 0.222 
 
-218.0 84.0 -2.746 1.058 
      
-216.5 89.0 -2.728 1.121 
      
-214.0 94.0 -2.696 1.184 
      
-212.0 99.0 -2.671 1.247 
      
-209.0 104.0 -2.633 1.310 
      
-206.5 109.0 -2.602 1.373 
      
-203.0 114.0 -2.557 1.436 
      
-199.0 117.0 -2.507 1.474 
      
-194.0 125.0 -2.444 1.575 
      
-189.0 133.0 -2.381 1.676 
      
-184.0 140.0 -2.318 1.764 
      
-179.0 144.0 -2.255 1.814 
      
-174.0 150.0 -2.192 1.890 
      
-169.0 156.0 -2.129 1.965 
      
-164.0 161.0 -2.066 2.028 
      
-159.0 165.0 -2.003 2.079 
      
-154.0 170.0 -1.940 2.142 
      
-149.0 176.0 -1.877 2.217 
      
-144.0 179.0 -1.814 2.255 
      
-139.0 183.0 -1.751 2.306 
      
-134.0 185.0 -1.688 2.331 
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-129.0 188.0 -1.625 2.369 
      
-124.0 191.0 -1.562 2.406 
      
-119.0 195.0 -1.499 2.457 
      
-114.0 198.0 -1.436 2.494 
      
-109.0 201.0 -1.373 2.532 
      
-99.0 205.0 -1.247 2.583 
      
-89.0 209.0 -1.121 2.633 
      
-79.0 213.0 -0.995 2.683 
      
-69.0 215.0 -0.869 2.709 
      
-59.0 218.0 -0.743 2.746 
      
-49.0 221.0 -0.617 2.784 
      
-39.0 223.0 -0.491 2.809 
      
-29.0 225.0 -0.365 2.835 
      
-19.0 229.0 -0.239 2.885 
      
-9.0 231.0 -0.113 2.910 
      
1.0 232.0 0.013 2.923 
      
11.0 233.0 0.139 2.935 
      
21.0 234.0 0.265 2.948 
      
31.0 235.0 0.391 2.961 
      
41.0 236.0 0.517 2.973 
      
51.0 237.0 0.643 2.986 
      
61.0 239.0 0.769 3.011 
      
71.0 239.0 0.894 3.011 
      
81.0 241.0 1.020 3.036 
      
91.0 245.0 1.146 3.087 
      
101.0 248.0 1.272 3.124 
      
111.0 251.0 1.398 3.162 
      
121.0 252.0 1.524 3.175 
      
131.0 252.0 1.650 3.175 
      
141.0 255.0 1.776 3.213 
      
151.0 256.0 1.902 3.225 
      
161.0 258.0 2.028 3.250 
      
171.0 261.0 2.154 3.288 
      
181.0 263.0 2.280 3.313 
      
191.0 265.0 2.406 3.339 
      
201.0 267.0 2.532 3.364 
      
211.0 274.0 2.658 3.452 
      
216.0 277.0 2.721 3.490 
      
221.0 279.0 2.784 3.515 
      
226.0 283.0 2.847 3.565 
      
231.0 288.0 2.910 3.628 
      
236.0 294.0 2.973 3.704 
      
241.0 301.0 3.036 3.792 
      
251.0 315.0 3.162 3.969 
      
261.0 336.0 3.288 4.233 
      
271.0 349.0 3.414 4.397 
      
281.0 360.0 3.540 4.535 
      
291.0 370.0 3.666 4.661 
      
301.0 378.0 3.792 4.762 
      
311.0 387.0 3.918 4.876 
      
321.0 393.0 4.044 4.951 
      
331.0 398.0 4.170 5.014 
      
341.0 399.0 4.296 5.027 
      
343.0 400.0 4.321 5.039 
      
131.0 247.0 1.650 3.112 
      
141.0 245.0 1.776 3.087 
      
151.0 243.0 1.902 3.061 
      
161.0 243.0 2.028 3.061 
      
171.0 242.0 2.154 3.049 
      
181.0 241.0 2.280 3.036 
      
191.0 237.0 2.406 2.986 
      
196.0 230.0 2.469 2.898 
      
196.0 219.0 2.469 2.759 
      
201.0 197.0 2.532 2.482 
      
206.0 191.0 2.595 2.406 
      
211.0 187.0 2.658 2.356 
      
216.0 186.0 2.721 2.343 
      
221.0 184.0 2.784 2.318 
      
226.0 184.0 2.847 2.318 
      
231.0 182.0 2.910 2.293 
      
241.0 178.0 3.036 2.243 
      
251.0 173.0 3.162 2.180 
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261.0 167.0 3.288 2.104 
      
271.0 165.0 3.414 2.079 
      
281.0 163.0 3.540 2.054 
      
291.0 157.0 3.666 1.978 
      
301.0 154.0 3.792 1.940 
      
306.0 147.0 3.855 1.852 
      
306.0 141.0 3.855 1.776 
      
306.0 131.0 3.855 1.650 
      
301.0 121.0 3.792 1.524 
      
296.0 115.0 3.729 1.449 
      
291.0 110.0 3.666 1.386 
      
281.0 101.0 3.540 1.272 
      
271.0 90.0 3.414 1.134 
      
261.0 80.0 3.288 1.008 
      
251.0 74.0 3.162 0.932 
      
241.0 67.0 3.036 0.844 
      
231.0 58.0 2.910 0.731 
      
221.0 49.0 2.784 0.617 
      
211.0 41.0 2.658 0.517 
      
201.0 37.0 2.532 0.466 
      
196.0 31.0 2.469 0.391 
      
191.0 27.0 2.406 0.340 
      
189.0 0.0 2.381 0.000 
      
346.0 403.0 4.359 5.077 
      
351.0 404.0 4.422 5.090 
      
361.0 405.0 4.548 5.102 
      
371.0 407.0 4.674 5.128 
      
377.0 409.0 4.750 5.153 
      
381.0 423.0 4.800 5.329 
      
386.0 434.0 4.863 5.468 
      
391.0 444.0 4.926 5.594 
      
401.0 456.0 5.052 5.745 
      
411.0 464.0 5.178 5.846 
      
421.0 471.0 5.304 5.934 
      
431.0 477.0 5.430 6.009 
      
441.0 483.0 5.556 6.085 
      
451.0 489.0 5.682 6.161 
      
461.0 492.0 5.808 6.198 
      
471.0 495.0 5.934 6.236 
      
481.0 499.0 6.060 6.287 
      
491.0 499.0 6.186 6.287 
      
501.0 500.0 6.312 6.299 
      
511.0 500.0 6.438 6.299 
      
517.0 501.0 6.513 6.312 
      
521.0 507.0 6.564 6.387 
      
526.0 514.0 6.627 6.476 
      
531.0 518.0 6.690 6.526 
      
541.0 538.0 6.816 6.778 
      
551.0 553.0 6.942 6.967 
      
561.0 561.0 7.068 7.068 
      
571.0 569.0 7.194 7.169 
      
576.0 574.0 7.257 7.231 
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Experiment No. E5 
  
D/B = 5.7% 
   Pier Diameter D (mm) 69.85 
  
D/d50 = 137 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 72 
       Blockage Ratio D/B 0.057 
       Relative Coarseness D/d50 137.0 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 1.718 
       Scour Depth ds 56.8 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-151.0 0.2 -2.162 0.003 
 
-148.0 0.0 -2.119 0.000 
 
-146.0 -0.1 -2.090 -0.001 
 
-148.0 3.0 -2.119 0.043 
 
-141.0 -1.4 -2.019 -0.020 
 
-148.0 8.0 -2.119 0.115 
 
-136.0 -4.4 -1.947 -0.063 
 
-147.5 13.0 -2.112 0.186 
 
-131.0 -6.9 -1.875 -0.099 
 
-147.0 18.0 -2.105 0.258 
 
-126.0 -10.8 -1.804 -0.155 
 
-146.0 23.0 -2.090 0.329 
 
-121.0 -13.4 -1.732 -0.192 
 
-144.5 28.0 -2.069 0.401 
 
-116.0 -15.9 -1.661 -0.228 
 
-144.0 33.0 -2.062 0.472 
 
-111.0 -20.6 -1.589 -0.295 
 
-143.5 38.0 -2.054 0.544 
 
-106.0 -24.3 -1.518 -0.348 
 
-143.0 43.0 -2.047 0.616 
 
-101.0 -26.8 -1.446 -0.384 
 
-141.0 48.0 -2.019 0.687 
 
-96.0 -27.8 -1.374 -0.398 
 
-140.0 53.0 -2.004 0.759 
 
-91.0 -28.6 -1.303 -0.409 
 
-138.0 58.0 -1.976 0.830 
 
-86.0 -30.8 -1.231 -0.441 
 
-134.5 63.0 -1.926 0.902 
 
-81.0 -35.1 -1.160 -0.503 
 
-132.0 68.0 -1.890 0.974 
 
-76.0 -38.0 -1.088 -0.544 
 
-130.0 73.0 -1.861 1.045 
 
-71.0 -39.9 -1.016 -0.571 
 
-128.0 78.0 -1.832 1.117 
 
-66.0 -42.8 -0.945 -0.613 
 
-125.0 83.0 -1.790 1.188 
 
-61.0 -45.3 -0.873 -0.649 
 
-120.5 88.0 -1.725 1.260 
 
-56.0 -47.2 -0.802 -0.676 
 
-116.0 93.0 -1.661 1.331 
 
-51.0 -50.8 -0.730 -0.727 
 
-112.5 98.0 -1.611 1.403 
 
-46.0 -52.7 -0.659 -0.754 
 
-109.0 103.0 -1.560 1.475 
 
-41.0 -56.0 -0.587 -0.802 
 
-104.0 108.0 -1.489 1.546 
 
-39.0 -56.4 -0.558 -0.807 
 
-101.0 110.0 -1.446 1.575 
 
39.0 -56.5 0.558 -0.809 
 
-96.0 114.0 -1.374 1.632 
 
44.0 -56.7 0.630 -0.812 
 
-91.0 119.0 -1.303 1.704 
 
49.0 -56.8 0.702 -0.813 
 
-86.0 122.0 -1.231 1.747 
 
54.0 -56.5 0.773 -0.809 
 
-81.0 124.0 -1.160 1.775 
 
59.0 -55.1 0.845 -0.789 
 
-76.0 129.0 -1.088 1.847 
 
64.0 -53.2 0.916 -0.762 
 
-71.0 133.0 -1.016 1.904 
 
69.0 -51.5 0.988 -0.737 
 
-66.0 135.0 -0.945 1.933 
 
74.0 -48.8 1.059 -0.699 
 
-61.0 137.0 -0.873 1.961 
 
79.0 -46.2 1.131 -0.661 
 
-56.0 139.0 -0.802 1.990 
 
84.0 -43.9 1.203 -0.628 
 
-46.0 142.0 -0.659 2.033 
 
89.0 -42.2 1.274 -0.604 
 
-36.0 147.0 -0.515 2.105 
 
94.0 -39.0 1.346 -0.558 
 
-26.0 152.0 -0.372 2.176 
 
99.0 -37.4 1.417 -0.535 
 
-16.0 153.0 -0.229 2.190 
 
104.0 -34.2 1.489 -0.490 
 
-6.0 156.0 -0.086 2.233 
 
109.0 -31.3 1.560 -0.448 
 
4.0 157.0 0.057 2.248 
 
114.0 -28.6 1.632 -0.409 
 
14.0 157.0 0.200 2.248 
 
119.0 -25.3 1.704 -0.362 
 
24.0 158.0 0.344 2.262 
 
124.0 -23.0 1.775 -0.329 
 
34.0 162.0 0.487 2.319 
 
129.0 -19.4 1.847 -0.278 
 
44.0 166.0 0.630 2.377 
 
134.0 -17.4 1.918 -0.249 
 
54.0 167.0 0.773 2.391 
 
139.0 -14.8 1.990 -0.212 
 
64.0 168.0 0.916 2.405 
 
144.0 -12.1 2.062 -0.173 
 
74.0 168.0 1.059 2.405 
 
149.0 -10.1 2.133 -0.145 
 
84.0 169.0 1.203 2.419 
 
154.0 -7.5 2.205 -0.107 
 
94.0 169.0 1.346 2.419 
 
159.0 -5.4 2.276 -0.077 
 
104.0 170.0 1.489 2.434 
 
164.0 -3.5 2.348 -0.050 
 
114.0 174.0 1.632 2.491 
 
169.0 -2.0 2.419 -0.029 
 
124.0 176.0 1.775 2.520 
 
174.0 0.5 2.491 0.007 
 
134.0 177.0 1.918 2.534 
 
179.0 1.8 2.563 0.026 
 
144.0 178.0 2.062 2.548 
 
184.0 3.5 2.634 0.050 
 
154.0 181.0 2.205 2.591 
 
189.0 4.7 2.706 0.067 
 
164.0 181.0 2.348 2.591 
 
194.0 6.1 2.777 0.087 
 
174.0 183.0 2.491 2.620 
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199.0 8.1 2.849 0.116 
 
184.0 184.0 2.634 2.634 
 
204.0 8.7 2.921 0.125 
 
189.0 186.0 2.706 2.663 
 
209.0 9.1 2.992 0.130 
 
194.0 186.0 2.777 2.663 
 
214.0 9.5 3.064 0.136 
 
199.0 207.0 2.849 2.963 
 
219.0 7.6 3.135 0.109 
 
204.0 214.0 2.921 3.064 
 
224.0 5.8 3.207 0.083 
 
209.0 220.0 2.992 3.150 
 
229.0 5.5 3.278 0.079 
 
214.0 228.0 3.064 3.264 
 
234.0 4.9 3.350 0.070 
 
219.0 232.0 3.135 3.321 
 
239.0 5.3 3.422 0.076 
 
224.0 238.0 3.207 3.407 
 
244.0 3.7 3.493 0.053 
 
234.0 247.0 3.350 3.536 
 
249.0 3.1 3.565 0.044 
 
244.0 253.0 3.493 3.622 
 
254.0 3.7 3.636 0.053 
 
254.0 260.0 3.636 3.722 
 
259.0 3.0 3.708 0.043 
 
264.0 267.0 3.780 3.822 
 
264.0 3.7 3.780 0.053 
 
274.0 272.0 3.923 3.894 
 
269.0 4.6 3.851 0.066 
 
284.0 276.0 4.066 3.951 
 
274.0 4.2 3.923 0.060 
 
294.0 280.0 4.209 4.009 
 
279.0 5.5 3.994 0.079 
 
304.0 284.0 4.352 4.066 
 
284.0 6.6 4.066 0.094 
 
314.0 287.0 4.495 4.109 
 
289.0 8.4 4.137 0.120 
 
324.0 290.0 4.639 4.152 
 
294.0 8.7 4.209 0.125 
 
329.0 291.0 4.710 4.166 
 
299.0 12.1 4.281 0.173 
 
334.0 293.0 4.782 4.195 
 
304.0 13.4 4.352 0.192 
 
339.0 294.0 4.853 4.209 
 
309.0 15.8 4.424 0.226 
 
344.0 306.0 4.925 4.381 
 
314.0 17.6 4.495 0.252 
 
349.0 317.0 4.996 4.538 
 
319.0 20.2 4.567 0.289 
 
354.0 327.0 5.068 4.681 
 
324.0 24.0 4.639 0.344 
 
359.0 338.0 5.140 4.839 
 
329.0 25.5 4.710 0.365 
 
364.0 346.0 5.211 4.953 
 
334.0 27.6 4.782 0.395 
 
369.0 353.0 5.283 5.054 
 
339.0 30.6 4.853 0.438 
 
374.0 361.0 5.354 5.168 
 
344.0 32.6 4.925 0.467 
 
379.0 368.0 5.426 5.268 
 
349.0 34.0 4.996 0.487 
 
384.0 374.0 5.497 5.354 
 
354.0 35.9 5.068 0.514 
 
386.0 379.0 5.526 5.426 
 
359.0 36.8 5.140 0.527 
 
24.0 157.0 0.344 2.248 
 
364.0 32.8 5.211 0.470 
 
34.0 156.0 0.487 2.233 
 
369.0 29.7 5.283 0.425 
 
44.0 154.0 0.630 2.205 
 
374.0 30.5 5.354 0.437 
 
54.0 153.0 0.773 2.190 
 
379.0 31.0 5.426 0.444 
 
64.0 151.0 0.916 2.162 
 
384.0 31.1 5.497 0.445 
 
74.0 148.0 1.059 2.119 
 
386.0 31.4 5.526 0.450 
 
84.0 146.0 1.203 2.090 
 
389.0 31.0 5.569 0.444 
 
94.0 142.0 1.346 2.033 
 
394.0 31.0 5.641 0.444 
 
104.0 139.0 1.489 1.990 
 
404.0 33.2 5.784 0.475 
 
114.0 132.0 1.632 1.890 
 
414.0 34.8 5.927 0.498 
 
124.0 124.0 1.775 1.775 
 
424.0 36.5 6.070 0.523 
 
134.0 129.0 1.918 1.847 
 
434.0 39.3 6.213 0.563 
 
144.0 97.0 2.062 1.389 
 
444.0 41.5 6.356 0.594 
 
149.0 86.0 2.133 1.231 
 
454.0 43.2 6.500 0.618 
 
154.0 80.0 2.205 1.145 
 
464.0 44.4 6.643 0.636 
 
159.0 73.0 2.276 1.045 
 
474.0 43.7 6.786 0.626 
 
159.0 66.0 2.276 0.945 
 
484.0 41.2 6.929 0.590 
 
156.0 57.0 2.233 0.816 
 
494.0 37.1 7.072 0.531 
 
154.0 49.0 2.205 0.702 
 
504.0 34.0 7.215 0.487 
 
159.0 42.0 2.276 0.601 
 
514.0 31.5 7.359 0.451 
 
164.0 38.0 2.348 0.544 
 
524.0 31.5 7.502 0.451 
 
169.0 31.0 2.419 0.444 
 
534.0 32.2 7.645 0.461 
 
174.0 23.0 2.491 0.329 
 
544.0 32.7 7.788 0.468 
 
177.0 17.0 2.534 0.243 
 
554.0 28.1 7.931 0.402 
 
173.0 0.0 2.477 0.000 
 
564.0 23.0 8.074 0.329 
 
394.0 388.0 5.641 5.555 
 
574.0 21.9 8.218 0.314 
 
404.0 398.0 5.784 5.698 
 
584.0 22.5 8.361 0.322 
 
414.0 408.0 5.927 5.841 
 
594.0 23.2 8.504 0.332 
 
424.0 417.0 6.070 5.970 
 
604.0 16.3 8.647 0.233 
 
434.0 423.0 6.213 6.056 
 
614.0 13.6 8.790 0.195 
 
444.0 430.0 6.356 6.156 
 
624.0 16.9 8.933 0.242 
 
454.0 436.0 6.500 6.242 
 
634.0 20.7 9.077 0.296 
 
464.0 441.0 6.643 6.314 
 
644.0 22.5 9.220 0.322 
 
474.0 447.0 6.786 6.399 
 
654.0 22.5 9.363 0.322 
 
484.0 451.0 6.929 6.457 
 
664.0 21.2 9.506 0.304 
 
494.0 453.0 7.072 6.485 
 
674.0 14.4 9.649 0.206 
 
504.0 456.0 7.215 6.528 
 
684.0 10.4 9.792 0.149 
 
514.0 461.0 7.359 6.600 
 
694.0 8.9 9.936 0.127 
 
524.0 463.0 7.502 6.628 
 
704.0 8.6 10.079 0.123 
 
534.0 466.0 7.645 6.671 
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714.0 8.9 10.222 0.127 
 
544.0 469.0 7.788 6.714 
 
724.0 8.5 10.365 0.122 
 
554.0 478.0 7.931 6.843 
 
734.0 8.0 10.508 0.115 
 
564.0 489.0 8.074 7.001 
 
744.0 3.8 10.651 0.054 
 
574.0 506.0 8.218 7.244 
 
754.0 -0.3 10.795 -0.004 
 
584.0 525.0 8.361 7.516 
 
764.0 -3.1 10.938 -0.044 
 
594.0 529.0 8.504 7.573 
 
774.0 -1.4 11.081 -0.020 
 
604.0 548.0 8.647 7.845 
 
784.0 -0.2 11.224 -0.003 
 
614.0 557.0 8.790 7.974 
 
794.0 2.6 11.367 0.037 
 
624.0 564.0 8.933 8.074 
 
804.0 6.6 11.510 0.094 
 
634.0 572.0 9.077 8.189 
 
814.0 6.4 11.654 0.092 
 
-148.0 0.0 -2.119 0.000 
 
824.0 7.5 11.797 0.107 
 
-148.0 -3.0 -2.119 -0.043 
 
834.0 8.8 11.940 0.126 
 
-148.0 -8.0 -2.119 -0.115 
 
844.0 7.2 12.083 0.103 
 
-147.5 -13.0 -2.112 -0.186 
 
854.0 5.4 12.226 0.077 
 
-147.0 -18.0 -2.105 -0.258 
 
864.0 3.0 12.369 0.043 
 
-146.0 -23.0 -2.090 -0.329 
 
874.0 2.2 12.513 0.031 
 
-144.5 -28.0 -2.069 -0.401 
 
884.0 0.8 12.656 0.011 
 
-144.0 -33.0 -2.062 -0.472 
 
894.0 -1.4 12.799 -0.020 
 
-143.5 -38.0 -2.054 -0.544 
 
904.0 -2.2 12.942 -0.031 
 
-143.0 -43.0 -2.047 -0.616 
 
914.0 -3.6 13.085 -0.052 
 
-141.0 -48.0 -2.019 -0.687 
 
924.0 -3.4 13.228 -0.049 
 
-140.0 -53.0 -2.004 -0.759 
 
934.0 -4.7 13.372 -0.067 
 
-138.0 -58.0 -1.976 -0.830 
 
944.0 -7.7 13.515 -0.110 
 
-134.5 -63.0 -1.926 -0.902 
 
954.0 -11.8 13.658 -0.169 
 
-132.0 -68.0 -1.890 -0.974 
 
964.0 -14.9 13.801 -0.213 
 
-130.0 -73.0 -1.861 -1.045 
 
974.0 -15.0 13.944 -0.215 
 
-128.0 -78.0 -1.832 -1.117 
 
984.0 -12.3 14.087 -0.176 
 
-125.0 -83.0 -1.790 -1.188 
 
994.0 -7.4 14.230 -0.106 
 
-120.5 -88.0 -1.725 -1.260 
 
1004.0 -3.8 14.374 -0.054 
 
-116.0 -93.0 -1.661 -1.331 
 
1014.0 -0.8 14.517 -0.011 
 
-112.5 -98.0 -1.611 -1.403 
 
1024.0 0.7 14.660 0.010 
 
-109.0 -103.0 -1.560 -1.475 
 
1034.0 2.2 14.803 0.031 
 
-104.0 -108.0 -1.489 -1.546 
 
1044.0 -4.6 14.946 -0.066 
 
-101.0 -110.0 -1.446 -1.575 
 
1054.0 -6.2 15.089 -0.089 
 
-96.0 -114.0 -1.374 -1.632 
 
1064.0 -7.9 15.233 -0.113 
 
-91.0 -119.0 -1.303 -1.704 
 
1074.0 -9.7 15.376 -0.139 
 
-86.0 -122.0 -1.231 -1.747 
 
1084.0 -10.6 15.519 -0.152 
 
-81.0 -124.0 -1.160 -1.775 
      
-76.0 -129.0 -1.088 -1.847 
      
-71.0 -133.0 -1.016 -1.904 
      
-66.0 -135.0 -0.945 -1.933 
      
-61.0 -137.0 -0.873 -1.961 
      
-56.0 -139.0 -0.802 -1.990 
      
-46.0 -142.0 -0.659 -2.033 
      
-36.0 -147.0 -0.515 -2.105 
      
-26.0 -152.0 -0.372 -2.176 
      
-16.0 -153.0 -0.229 -2.190 
      
-6.0 -156.0 -0.086 -2.233 
      
4.0 -157.0 0.057 -2.248 
      
14.0 -157.0 0.200 -2.248 
      
24.0 -158.0 0.344 -2.262 
      
34.0 -162.0 0.487 -2.319 
      
44.0 -166.0 0.630 -2.377 
      
54.0 -167.0 0.773 -2.391 
      
64.0 -168.0 0.916 -2.405 
      
74.0 -168.0 1.059 -2.405 
      
84.0 -169.0 1.203 -2.419 
      
94.0 -169.0 1.346 -2.419 
      
104.0 -170.0 1.489 -2.434 
      
114.0 -174.0 1.632 -2.491 
      
124.0 -176.0 1.775 -2.520 
      
134.0 -177.0 1.918 -2.534 
      
144.0 -178.0 2.062 -2.548 
      
154.0 -181.0 2.205 -2.591 
      
164.0 -181.0 2.348 -2.591 
      
174.0 -183.0 2.491 -2.620 
      
184.0 -184.0 2.634 -2.634 
      
189.0 -186.0 2.706 -2.663 
      
194.0 -186.0 2.777 -2.663 
      
199.0 -207.0 2.849 -2.963 
      
204.0 -214.0 2.921 -3.064 
      
209.0 -220.0 2.992 -3.150 
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214.0 -228.0 3.064 -3.264 
      
219.0 -232.0 3.135 -3.321 
      
224.0 -238.0 3.207 -3.407 
      
234.0 -247.0 3.350 -3.536 
      
244.0 -253.0 3.493 -3.622 
      
254.0 -260.0 3.636 -3.722 
      
264.0 -267.0 3.780 -3.822 
      
274.0 -272.0 3.923 -3.894 
      
284.0 -276.0 4.066 -3.951 
      
294.0 -280.0 4.209 -4.009 
      
304.0 -284.0 4.352 -4.066 
      
314.0 -287.0 4.495 -4.109 
      
324.0 -290.0 4.639 -4.152 
      
329.0 -291.0 4.710 -4.166 
      
334.0 -293.0 4.782 -4.195 
      
339.0 -294.0 4.853 -4.209 
      
344.0 -306.0 4.925 -4.381 
      
349.0 -317.0 4.996 -4.538 
      
354.0 -327.0 5.068 -4.681 
      
359.0 -338.0 5.140 -4.839 
      
364.0 -346.0 5.211 -4.953 
      
369.0 -353.0 5.283 -5.054 
      
374.0 -361.0 5.354 -5.168 
      
379.0 -368.0 5.426 -5.268 
      
384.0 -374.0 5.497 -5.354 
      
386.0 -379.0 5.526 -5.426 
      
24.0 -157.0 0.344 -2.248 
      
34.0 -156.0 0.487 -2.233 
      
44.0 -154.0 0.630 -2.205 
      
54.0 -153.0 0.773 -2.190 
      
64.0 -151.0 0.916 -2.162 
      
74.0 -148.0 1.059 -2.119 
      
84.0 -146.0 1.203 -2.090 
      
94.0 -142.0 1.346 -2.033 
      
104.0 -139.0 1.489 -1.990 
      
114.0 -132.0 1.632 -1.890 
      
124.0 -124.0 1.775 -1.775 
      
134.0 -129.0 1.918 -1.847 
      
144.0 -97.0 2.062 -1.389 
      
149.0 -86.0 2.133 -1.231 
      
154.0 -80.0 2.205 -1.145 
      
159.0 -73.0 2.276 -1.045 
      
159.0 -66.0 2.276 -0.945 
      
156.0 -57.0 2.233 -0.816 
      
154.0 -49.0 2.205 -0.702 
      
159.0 -42.0 2.276 -0.601 
      
164.0 -38.0 2.348 -0.544 
      
169.0 -31.0 2.419 -0.444 
      
174.0 -23.0 2.491 -0.329 
      
177.0 -17.0 2.534 -0.243 
      
173.0 0.0 2.477 0.000 
      
394.0 -388.0 5.641 -5.555 
      
404.0 -398.0 5.784 -5.698 
      
414.0 -408.0 5.927 -5.841 
      
424.0 -417.0 6.070 -5.970 
      
434.0 -423.0 6.213 -6.056 
      
444.0 -430.0 6.356 -6.156 
      
454.0 -436.0 6.500 -6.242 
      
464.0 -441.0 6.643 -6.314 
      
474.0 -447.0 6.786 -6.399 
      
484.0 -451.0 6.929 -6.457 
      
494.0 -453.0 7.072 -6.485 
      
504.0 -456.0 7.215 -6.528 
      
514.0 -461.0 7.359 -6.600 
      
524.0 -463.0 7.502 -6.628 
      
534.0 -466.0 7.645 -6.671 
      
544.0 -469.0 7.788 -6.714 
      
554.0 -478.0 7.931 -6.843 
      
564.0 -489.0 8.074 -7.001 
      
574.0 -506.0 8.218 -7.244 
      
584.0 -525.0 8.361 -7.516 
      
594.0 -529.0 8.504 -7.573 
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604.0 -548.0 8.647 -7.845 
      
614.0 -557.0 8.790 -7.974 
      
624.0 -564.0 8.933 -8.074 
      
634.0 -572.0 9.077 -8.189 
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Experiment No. E6 
  
D/B = 8.3% 
   Pier Diameter D (mm) 88.9 
  
D/d50 = 174 
   Channel Width B (mm) 1066.8 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.083 
       Relative Coarseness D/d50 174.3 
       Aspect Ratio H/B 0.112 
       Flow Field Scale H/D 1.350 
       Scour Depth ds 109.5 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-254.0 0.1 -2.857 0.002 
 
-242.0 0.0 -2.722 0.000 
 
-249.0 0.5 -2.801 0.005 
 
-242.0 4.0 -2.722 0.045 
 
-244.0 0.0 -2.745 -0.001 
 
-241.0 14.0 -2.711 0.157 
 
-239.0 -1.2 -2.688 -0.014 
 
-241.0 24.0 -2.711 0.270 
 
-234.0 -3.1 -2.632 -0.035 
 
-240.5 34.0 -2.705 0.382 
 
-229.0 -6.5 -2.576 -0.074 
 
-239.0 44.0 -2.688 0.495 
 
-224.0 -9.1 -2.520 -0.103 
 
-237.0 54.0 -2.666 0.607 
 
-219.0 -12.5 -2.463 -0.140 
 
-233.0 64.0 -2.621 0.720 
 
-214.0 -14.8 -2.407 -0.166 
 
-228.5 74.0 -2.570 0.832 
 
-209.0 -18.6 -2.351 -0.209 
 
-224.5 84.0 -2.525 0.945 
 
-204.0 -20.8 -2.295 -0.233 
 
-220.0 94.0 -2.475 1.057 
 
-199.0 -24.6 -2.238 -0.276 
 
-216.0 104.0 -2.430 1.170 
 
-194.0 -27.9 -2.182 -0.313 
 
-209.0 114.0 -2.351 1.282 
 
-189.0 -30.3 -2.126 -0.340 
 
-201.0 124.0 -2.261 1.395 
 
-184.0 -33.5 -2.070 -0.376 
 
-195.0 134.0 -2.193 1.507 
 
-179.0 -36.8 -2.013 -0.415 
 
-185.5 144.0 -2.087 1.620 
 
-174.0 -39.2 -1.957 -0.440 
 
-176.0 154.0 -1.980 1.732 
 
-169.0 -42.4 -1.901 -0.476 
 
-164.0 164.0 -1.845 1.845 
 
-164.0 -45.4 -1.845 -0.510 
 
-154.0 171.0 -1.732 1.924 
 
-159.0 -48.3 -1.789 -0.543 
 
-144.0 177.0 -1.620 1.991 
 
-154.0 -50.9 -1.732 -0.572 
 
-134.0 184.0 -1.507 2.070 
 
-149.0 -53.7 -1.676 -0.603 
 
-124.0 190.0 -1.395 2.137 
 
-144.0 -56.1 -1.620 -0.630 
 
-114.0 195.0 -1.282 2.193 
 
-139.0 -61.6 -1.564 -0.692 
 
-104.0 201.0 -1.170 2.261 
 
-134.0 -63.0 -1.507 -0.708 
 
-94.0 209.0 -1.057 2.351 
 
-129.0 -66.2 -1.451 -0.744 
 
-84.0 214.0 -0.945 2.407 
 
-124.0 -68.3 -1.395 -0.768 
 
-74.0 219.0 -0.832 2.463 
 
-119.0 -72.1 -1.339 -0.810 
 
-64.0 223.0 -0.720 2.508 
 
-114.0 -76.0 -1.282 -0.854 
 
-54.0 227.0 -0.607 2.553 
 
-109.0 -79.3 -1.226 -0.891 
 
-44.0 231.0 -0.495 2.598 
 
-104.0 -81.9 -1.170 -0.921 
 
-34.0 235.0 -0.382 2.643 
 
-99.0 -84.8 -1.114 -0.953 
 
-24.0 238.0 -0.270 2.677 
 
-94.0 -88.5 -1.057 -0.995 
 
-14.0 240.0 -0.157 2.700 
 
-89.0 -91.5 -1.001 -1.029 
 
-4.0 242.0 -0.045 2.722 
 
-84.0 -94.7 -0.945 -1.065 
 
6.0 245.0 0.067 2.756 
 
-79.0 -97.2 -0.889 -1.094 
 
16.0 247.0 0.180 2.778 
 
-74.0 -101.4 -0.832 -1.140 
 
26.0 248.0 0.292 2.790 
 
-69.0 -105.3 -0.776 -1.184 
 
36.0 249.0 0.405 2.801 
 
-64.0 -109.5 -0.720 -1.231 
 
46.0 252.0 0.517 2.835 
 
-59.0 -109.5 -0.664 -1.231 
 
56.0 256.0 0.630 2.880 
 
-54.0 -106.9 -0.607 -1.202 
 
66.0 258.0 0.742 2.902 
 
-49.0 -108.2 -0.551 -1.217 
 
76.0 259.0 0.855 2.913 
 
52.0 -70.7 0.585 -0.795 
 
86.0 260.0 0.967 2.925 
 
56.0 -71.8 0.630 -0.807 
 
96.0 261.0 1.080 2.936 
 
61.0 -72.7 0.686 -0.817 
 
106.0 261.0 1.192 2.936 
 
66.0 -72.1 0.742 -0.810 
 
116.0 262.0 1.305 2.947 
 
71.0 -73.5 0.799 -0.826 
 
126.0 263.0 1.417 2.958 
 
76.0 -72.8 0.855 -0.818 
 
136.0 264.0 1.530 2.970 
 
81.0 -70.0 0.911 -0.788 
 
146.0 264.0 1.642 2.970 
 
86.0 -66.6 0.967 -0.749 
 
156.0 264.0 1.755 2.970 
 
91.0 -63.7 1.024 -0.716 
 
166.0 265.0 1.867 2.981 
 
96.0 -61.0 1.080 -0.687 
 
176.0 266.0 1.980 2.992 
 
101.0 -57.7 1.136 -0.648 
 
186.0 268.0 2.092 3.015 
 
106.0 -54.2 1.192 -0.609 
 
196.0 269.0 2.205 3.026 
 
111.0 -51.9 1.249 -0.583 
 
206.0 271.0 2.317 3.048 
 
116.0 -49.1 1.305 -0.552 
 
216.0 272.0 2.430 3.060 
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121.0 -46.6 1.361 -0.524 
 
226.0 273.0 2.542 3.071 
 
126.0 -43.5 1.417 -0.489 
 
236.0 277.0 2.655 3.116 
 
131.0 -39.6 1.474 -0.445 
 
246.0 285.0 2.767 3.206 
 
136.0 -36.0 1.530 -0.404 
 
256.0 296.0 2.880 3.330 
 
141.0 -33.4 1.586 -0.375 
 
266.0 312.0 2.992 3.510 
 
146.0 -30.4 1.642 -0.341 
 
276.0 330.0 3.105 3.712 
 
151.0 -27.7 1.699 -0.312 
 
286.0 342.0 3.217 3.847 
 
156.0 -23.6 1.755 -0.265 
 
296.0 352.0 3.330 3.960 
 
161.0 -20.9 1.811 -0.235 
 
306.0 361.0 3.442 4.061 
 
166.0 -18.3 1.867 -0.205 
 
316.0 366.0 3.555 4.117 
 
171.0 -15.3 1.924 -0.172 
 
326.0 373.0 3.667 4.196 
 
176.0 -12.6 1.980 -0.141 
 
336.0 379.0 3.780 4.263 
 
181.0 -10.0 2.036 -0.112 
 
346.0 383.0 3.892 4.308 
 
186.0 -7.2 2.092 -0.082 
 
356.0 388.0 4.004 4.364 
 
191.0 -4.3 2.148 -0.049 
 
366.0 393.0 4.117 4.421 
 
196.0 -1.7 2.205 -0.019 
 
376.0 395.0 4.229 4.443 
 
201.0 1.1 2.261 0.012 
 
386.0 397.0 4.342 4.466 
 
206.0 2.9 2.317 0.032 
 
396.0 400.0 4.454 4.499 
 
211.0 5.3 2.373 0.060 
 
56.0 250.0 0.630 2.812 
 
216.0 7.9 2.430 0.088 
 
66.0 250.0 0.742 2.812 
 
221.0 10.1 2.486 0.113 
 
76.0 250.0 0.855 2.812 
 
226.0 12.8 2.542 0.143 
 
86.0 250.0 0.967 2.812 
 
231.0 14.6 2.598 0.164 
 
96.0 250.0 1.080 2.812 
 
236.0 16.5 2.655 0.185 
 
106.0 250.0 1.192 2.812 
 
241.0 18.8 2.711 0.211 
 
116.0 251.0 1.305 2.823 
 
246.0 20.8 2.767 0.233 
 
126.0 251.0 1.417 2.823 
 
251.0 22.8 2.823 0.256 
 
136.0 252.0 1.530 2.835 
 
256.0 24.3 2.880 0.273 
 
146.0 252.0 1.642 2.835 
 
261.0 26.8 2.936 0.301 
 
156.0 252.0 1.755 2.835 
 
266.0 28.2 2.992 0.317 
 
166.0 252.0 1.867 2.835 
 
271.0 28.9 3.048 0.325 
 
176.0 252.0 1.980 2.835 
 
276.0 30.4 3.105 0.341 
 
186.0 248.0 2.092 2.790 
 
281.0 32.4 3.161 0.364 
 
196.0 241.0 2.205 2.711 
 
286.0 33.5 3.217 0.376 
 
206.0 236.0 2.317 2.655 
 
291.0 34.4 3.273 0.386 
 
216.0 226.0 2.430 2.542 
 
296.0 35.1 3.330 0.394 
 
206.0 211.0 2.317 2.373 
 
301.0 35.6 3.386 0.400 
 
204.0 199.0 2.295 2.238 
 
306.0 36.5 3.442 0.410 
 
206.0 198.0 2.317 2.227 
 
311.0 37.9 3.498 0.426 
 
216.0 194.0 2.430 2.182 
 
316.0 38.1 3.555 0.428 
 
226.0 191.0 2.542 2.148 
 
321.0 38.6 3.611 0.434 
 
236.0 189.0 2.655 2.126 
 
326.0 38.5 3.667 0.433 
 
246.0 187.0 2.767 2.103 
 
331.0 38.3 3.723 0.430 
 
256.0 185.0 2.880 2.081 
 
336.0 38.1 3.780 0.428 
 
266.0 181.0 2.992 2.036 
 
341.0 38.4 3.836 0.431 
 
276.0 177.0 3.105 1.991 
 
346.0 38.1 3.892 0.428 
 
286.0 169.0 3.217 1.901 
 
351.0 37.2 3.948 0.418 
 
296.0 145.0 3.330 1.631 
 
356.0 36.3 4.004 0.408 
 
299.0 126.0 3.363 1.417 
 
361.0 35.4 4.061 0.398 
 
296.0 123.0 3.330 1.384 
 
366.0 34.2 4.117 0.384 
 
286.0 112.0 3.217 1.260 
 
371.0 32.2 4.173 0.362 
 
276.0 99.0 3.105 1.114 
 
376.0 29.2 4.229 0.328 
 
266.0 84.0 2.992 0.945 
 
381.0 27.0 4.286 0.303 
 
256.0 70.0 2.880 0.787 
 
386.0 24.9 4.342 0.280 
 
246.0 61.0 2.767 0.686 
 
391.0 23.7 4.398 0.266 
 
236.0 51.0 2.655 0.574 
 
396.0 21.8 4.454 0.245 
 
226.0 43.0 2.542 0.484 
 
406.0 21.4 4.567 0.240 
 
216.0 33.0 2.430 0.371 
 
416.0 21.3 4.679 0.239 
 
206.0 23.0 2.317 0.259 
 
426.0 21.8 4.792 0.245 
 
406.0 402.0 4.567 4.522 
 
436.0 22.5 4.904 0.253 
 
416.0 413.0 4.679 4.646 
 
446.0 23.6 5.017 0.265 
 
426.0 430.0 4.792 4.837 
 
456.0 23.2 5.129 0.260 
 
436.0 449.0 4.904 5.051 
 
466.0 23.9 5.242 0.268 
 
446.0 461.0 5.017 5.186 
 
476.0 23.7 5.354 0.266 
 
456.0 472.0 5.129 5.309 
 
486.0 23.6 5.467 0.265 
 
466.0 482.0 5.242 5.422 
 
496.0 23.9 5.579 0.268 
 
476.0 489.0 5.354 5.501 
 
506.0 25.5 5.692 0.286 
 
486.0 494.0 5.467 5.557 
 
516.0 26.6 5.804 0.299 
 
496.0 502.0 5.579 5.647 
 
526.0 24.1 5.917 0.271 
 
506.0 507.0 5.692 5.703 
 
536.0 23.0 6.029 0.258 
 
516.0 511.0 5.804 5.748 
 
546.0 24.3 6.142 0.273 
 
526.0 516.0 5.917 5.804 
 
556.0 28.5 6.254 0.320 
 
536.0 520.0 6.029 5.849 
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566.0 32.8 6.367 0.368 
 
546.0 521.0 6.142 5.861 
 
576.0 36.9 6.479 0.415 
 
556.0 522.0 6.254 5.872 
 
586.0 39.8 6.592 0.447 
 
566.0 523.0 6.367 5.883 
 
596.0 42.7 6.704 0.480 
 
576.0 525.0 6.479 5.906 
 
606.0 44.1 6.817 0.496 
 
586.0 526.0 6.592 5.917 
 
616.0 45.0 6.929 0.506 
 
596.0 528.0 6.704 5.939 
 
626.0 41.9 7.042 0.471 
 
198.0 0.0 2.227 0.000 
 
636.0 42.1 7.154 0.473 
 
-242.0 0.0 -2.722 0.000 
 
646.0 41.6 7.267 0.467 
 
-242.0 -4.0 -2.722 -0.045 
 
656.0 42.0 7.379 0.472 
 
-241.0 -14.0 -2.711 -0.157 
 
666.0 43.2 7.492 0.485 
 
-241.0 -24.0 -2.711 -0.270 
 
676.0 43.0 7.604 0.483 
 
-240.5 -34.0 -2.705 -0.382 
 
686.0 45.7 7.717 0.513 
 
-239.0 -44.0 -2.688 -0.495 
 
696.0 36.9 7.829 0.415 
 
-237.0 -54.0 -2.666 -0.607 
 
706.0 38.0 7.942 0.427 
 
-233.0 -64.0 -2.621 -0.720 
      
-228.5 -74.0 -2.570 -0.832 
      
-224.5 -84.0 -2.525 -0.945 
      
-220.0 -94.0 -2.475 -1.057 
      
-216.0 -104.0 -2.430 -1.170 
      
-209.0 -114.0 -2.351 -1.282 
      
-201.0 -124.0 -2.261 -1.395 
      
-195.0 -134.0 -2.193 -1.507 
      
-185.5 -144.0 -2.087 -1.620 
      
-176.0 -154.0 -1.980 -1.732 
      
-164.0 -164.0 -1.845 -1.845 
      
-154.0 -171.0 -1.732 -1.924 
      
-144.0 -177.0 -1.620 -1.991 
      
-134.0 -184.0 -1.507 -2.070 
      
-124.0 -190.0 -1.395 -2.137 
      
-114.0 -195.0 -1.282 -2.193 
      
-104.0 -201.0 -1.170 -2.261 
      
-94.0 -209.0 -1.057 -2.351 
      
-84.0 -214.0 -0.945 -2.407 
      
-74.0 -219.0 -0.832 -2.463 
      
-64.0 -223.0 -0.720 -2.508 
      
-54.0 -227.0 -0.607 -2.553 
      
-44.0 -231.0 -0.495 -2.598 
      
-34.0 -235.0 -0.382 -2.643 
      
-24.0 -238.0 -0.270 -2.677 
      
-14.0 -240.0 -0.157 -2.700 
      
-4.0 -242.0 -0.045 -2.722 
      
6.0 -245.0 0.067 -2.756 
      
16.0 -247.0 0.180 -2.778 
      
26.0 -248.0 0.292 -2.790 
      
36.0 -249.0 0.405 -2.801 
      
46.0 -252.0 0.517 -2.835 
      
56.0 -256.0 0.630 -2.880 
      
66.0 -258.0 0.742 -2.902 
      
76.0 -259.0 0.855 -2.913 
      
86.0 -260.0 0.967 -2.925 
      
96.0 -261.0 1.080 -2.936 
      
106.0 -261.0 1.192 -2.936 
      
116.0 -262.0 1.305 -2.947 
      
126.0 -263.0 1.417 -2.958 
      
136.0 -264.0 1.530 -2.970 
      
146.0 -264.0 1.642 -2.970 
      
156.0 -264.0 1.755 -2.970 
      
166.0 -265.0 1.867 -2.981 
      
176.0 -266.0 1.980 -2.992 
      
186.0 -268.0 2.092 -3.015 
      
196.0 -269.0 2.205 -3.026 
      
206.0 -271.0 2.317 -3.048 
      
216.0 -272.0 2.430 -3.060 
      
226.0 -273.0 2.542 -3.071 
      
236.0 -277.0 2.655 -3.116 
      
246.0 -285.0 2.767 -3.206 
      
256.0 -296.0 2.880 -3.330 
      
266.0 -312.0 2.992 -3.510 
      
276.0 -330.0 3.105 -3.712 
      
286.0 -342.0 3.217 -3.847 
      
296.0 -352.0 3.330 -3.960 
      
306.0 -361.0 3.442 -4.061 
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316.0 -366.0 3.555 -4.117 
      
326.0 -373.0 3.667 -4.196 
      
336.0 -379.0 3.780 -4.263 
      
346.0 -383.0 3.892 -4.308 
      
356.0 -388.0 4.004 -4.364 
      
366.0 -393.0 4.117 -4.421 
      
376.0 -395.0 4.229 -4.443 
      
386.0 -397.0 4.342 -4.466 
      
396.0 -400.0 4.454 -4.499 
      
56.0 -250.0 0.630 -2.812 
      
66.0 -250.0 0.742 -2.812 
      
76.0 -250.0 0.855 -2.812 
      
86.0 -250.0 0.967 -2.812 
      
96.0 -250.0 1.080 -2.812 
      
106.0 -250.0 1.192 -2.812 
      
116.0 -251.0 1.305 -2.823 
      
126.0 -251.0 1.417 -2.823 
      
136.0 -252.0 1.530 -2.835 
      
146.0 -252.0 1.642 -2.835 
      
156.0 -252.0 1.755 -2.835 
      
166.0 -252.0 1.867 -2.835 
      
176.0 -252.0 1.980 -2.835 
      
186.0 -248.0 2.092 -2.790 
      
196.0 -241.0 2.205 -2.711 
      
206.0 -236.0 2.317 -2.655 
      
216.0 -226.0 2.430 -2.542 
      
206.0 -211.0 2.317 -2.373 
      
204.0 -199.0 2.295 -2.238 
      
206.0 -198.0 2.317 -2.227 
      
216.0 -194.0 2.430 -2.182 
      
226.0 -191.0 2.542 -2.148 
      
236.0 -189.0 2.655 -2.126 
      
246.0 -187.0 2.767 -2.103 
      
256.0 -185.0 2.880 -2.081 
      
266.0 -181.0 2.992 -2.036 
      
276.0 -177.0 3.105 -1.991 
      
286.0 -169.0 3.217 -1.901 
      
296.0 -145.0 3.330 -1.631 
      
299.0 -126.0 3.363 -1.417 
      
296.0 -123.0 3.330 -1.384 
      
286.0 -112.0 3.217 -1.260 
      
276.0 -99.0 3.105 -1.114 
      
266.0 -84.0 2.992 -0.945 
      
256.0 -70.0 2.880 -0.787 
      
246.0 -61.0 2.767 -0.686 
      
236.0 -51.0 2.655 -0.574 
      
226.0 -43.0 2.542 -0.484 
      
216.0 -33.0 2.430 -0.371 
      
206.0 -23.0 2.317 -0.259 
      
406.0 -402.0 4.567 -4.522 
      
416.0 -413.0 4.679 -4.646 
      
426.0 -430.0 4.792 -4.837 
      
436.0 -449.0 4.904 -5.051 
      
446.0 -461.0 5.017 -5.186 
      
456.0 -472.0 5.129 -5.309 
      
466.0 -482.0 5.242 -5.422 
      
476.0 -489.0 5.354 -5.501 
      
486.0 -494.0 5.467 -5.557 
      
496.0 -502.0 5.579 -5.647 
      
506.0 -507.0 5.692 -5.703 
      
516.0 -511.0 5.804 -5.748 
      
526.0 -516.0 5.917 -5.804 
      
536.0 -520.0 6.029 -5.849 
      
546.0 -521.0 6.142 -5.861 
      
556.0 -522.0 6.254 -5.872 
      
566.0 -523.0 6.367 -5.883 
      
576.0 -525.0 6.479 -5.906 
      
586.0 -526.0 6.592 -5.917 
      
596.0 -528.0 6.704 -5.939 
      
198.0 0.0 2.227 0.000 
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Experiment No. E7 
  
D/B = 7.4% 
   Pier Diameter D (mm) 79.375 
  
D/d50 = 156 
   Channel Width B (mm) 1066.8 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.074 
       Relative Coarseness D/d50 155.6 
       Aspect Ratio H/B 0.112 
       Flow Field Scale H/D 1.512 
       Scour Depth ds 100.4 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-234.0 -0.3 -2.948 -0.004 
 
-222.0 0.0 -2.797 0.000 
 
-229.0 -0.4 -2.885 -0.005 
 
-221.0 7.0 -2.784 0.088 
 
-224.0 -0.6 -2.822 -0.008 
 
-221.0 12.0 -2.784 0.151 
 
-219.0 -1.5 -2.759 -0.019 
 
-219.5 22.0 -2.765 0.277 
 
-214.0 -4.2 -2.696 -0.053 
 
-219.0 32.0 -2.759 0.403 
 
-209.0 -6.7 -2.633 -0.084 
 
-217.0 42.0 -2.734 0.529 
 
-204.0 -10.6 -2.570 -0.134 
 
-215.0 52.0 -2.709 0.655 
 
-199.0 -14.1 -2.507 -0.178 
 
-212.5 62.0 -2.677 0.781 
 
-194.0 -16.6 -2.444 -0.209 
 
-209.0 72.0 -2.633 0.907 
 
-189.0 -19.3 -2.381 -0.243 
 
-204.0 82.0 -2.570 1.033 
 
-184.0 -23.5 -2.318 -0.296 
 
-199.0 92.0 -2.507 1.159 
 
-179.0 -25.5 -2.255 -0.321 
 
-193.0 102.0 -2.431 1.285 
 
-174.0 -29.8 -2.192 -0.375 
 
-188.0 112.0 -2.369 1.411 
 
-169.0 -32.4 -2.129 -0.408 
 
-180.0 122.0 -2.268 1.537 
 
-164.0 -34.9 -2.066 -0.440 
 
-175.0 132.0 -2.205 1.663 
 
-159.0 -37.8 -2.003 -0.476 
 
-167.0 142.0 -2.104 1.789 
 
-154.0 -41.7 -1.940 -0.525 
 
-157.0 152.0 -1.978 1.915 
 
-149.0 -44.2 -1.877 -0.557 
 
-149.0 160.0 -1.877 2.016 
 
-144.0 -47.9 -1.814 -0.603 
 
-139.0 164.0 -1.751 2.066 
 
-139.0 -50.8 -1.751 -0.640 
 
-129.0 172.0 -1.625 2.167 
 
-134.0 -54.7 -1.688 -0.689 
 
-119.0 178.0 -1.499 2.243 
 
-129.0 -57.5 -1.625 -0.724 
 
-109.0 183.0 -1.373 2.306 
 
-124.0 -59.2 -1.562 -0.746 
 
-99.0 187.0 -1.247 2.356 
 
-119.0 -61.2 -1.499 -0.771 
 
-89.0 190.0 -1.121 2.394 
 
-114.0 -64.5 -1.436 -0.813 
 
-79.0 195.0 -0.995 2.457 
 
-109.0 -68.7 -1.373 -0.866 
 
-69.0 200.0 -0.869 2.520 
 
-104.0 -72.2 -1.310 -0.910 
 
-59.0 208.0 -0.743 2.620 
 
-99.0 -75.2 -1.247 -0.947 
 
-49.0 212.0 -0.617 2.671 
 
-94.0 -78.0 -1.184 -0.983 
 
-39.0 217.0 -0.491 2.734 
 
-89.0 -80.3 -1.121 -1.012 
 
-29.0 221.0 -0.365 2.784 
 
-84.0 -83.8 -1.058 -1.056 
 
-19.0 223.0 -0.239 2.809 
 
-79.0 -86.6 -0.995 -1.091 
 
-9.0 225.0 -0.113 2.835 
 
-74.0 -89.5 -0.932 -1.128 
 
1.0 227.0 0.013 2.860 
 
-69.0 -94.3 -0.869 -1.188 
 
11.0 228.0 0.139 2.872 
 
-64.0 -98.2 -0.806 -1.237 
 
21.0 229.0 0.265 2.885 
 
-59.0 -100.4 -0.743 -1.265 
 
31.0 230.0 0.391 2.898 
 
-54.0 -99.1 -0.680 -1.249 
 
41.0 231.0 0.517 2.910 
 
-49.0 -98.9 -0.617 -1.246 
 
51.0 233.0 0.643 2.935 
 
-44.0 -97.4 -0.554 -1.227 
 
61.0 234.0 0.769 2.948 
 
44.0 -68.9 0.554 -0.868 
 
71.0 235.0 0.894 2.961 
 
46.0 -69.7 0.580 -0.878 
 
81.0 236.0 1.020 2.973 
 
51.0 -70.2 0.643 -0.884 
 
91.0 238.0 1.146 2.998 
 
56.0 -71.3 0.706 -0.898 
 
101.0 240.0 1.272 3.024 
 
61.0 -71.6 0.769 -0.902 
 
111.0 242.0 1.398 3.049 
 
66.0 -70.9 0.831 -0.893 
 
121.0 244.0 1.524 3.074 
 
71.0 -70.3 0.894 -0.886 
 
131.0 248.0 1.650 3.124 
 
76.0 -68.1 0.957 -0.858 
 
141.0 249.0 1.776 3.137 
 
81.0 -65.6 1.020 -0.826 
 
151.0 252.0 1.902 3.175 
 
86.0 -61.9 1.083 -0.780 
 
161.0 253.0 2.028 3.187 
 
91.0 -59.1 1.146 -0.745 
 
171.0 255.0 2.154 3.213 
 
96.0 -55.0 1.209 -0.693 
 
181.0 256.0 2.280 3.225 
 
101.0 -51.8 1.272 -0.653 
 
191.0 257.0 2.406 3.238 
 
106.0 -49.2 1.335 -0.620 
 
201.0 259.0 2.532 3.263 
 
111.0 -45.3 1.398 -0.571 
 
211.0 261.0 2.658 3.288 
 
116.0 -42.8 1.461 -0.539 
 
221.0 263.0 2.784 3.313 
 
121.0 -38.9 1.524 -0.490 
 
231.0 265.0 2.910 3.339 
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126.0 -35.2 1.587 -0.443 
 
241.0 267.0 3.036 3.364 
 
131.0 -31.9 1.650 -0.402 
 
251.0 270.0 3.162 3.402 
 
136.0 -29.0 1.713 -0.365 
 
261.0 272.0 3.288 3.427 
 
141.0 -26.0 1.776 -0.328 
 
271.0 273.0 3.414 3.439 
 
146.0 -23.2 1.839 -0.292 
 
281.0 275.0 3.540 3.465 
 
151.0 -21.0 1.902 -0.265 
 
291.0 277.0 3.666 3.490 
 
156.0 -18.7 1.965 -0.236 
 
301.0 280.0 3.792 3.528 
 
161.0 -15.3 2.028 -0.193 
 
311.0 292.0 3.918 3.679 
 
166.0 -13.3 2.091 -0.168 
 
321.0 307.0 4.044 3.868 
 
171.0 -10.5 2.154 -0.132 
 
331.0 321.0 4.170 4.044 
 
176.0 -8.0 2.217 -0.101 
 
341.0 332.0 4.296 4.183 
 
181.0 -5.6 2.280 -0.071 
 
351.0 340.0 4.422 4.283 
 
186.0 -3.6 2.343 -0.045 
 
361.0 350.0 4.548 4.409 
 
191.0 -1.0 2.406 -0.013 
 
371.0 358.0 4.674 4.510 
 
196.0 1.0 2.469 0.013 
 
381.0 365.0 4.800 4.598 
 
201.0 3.3 2.532 0.042 
 
391.0 370.0 4.926 4.661 
 
206.0 5.2 2.595 0.066 
 
86.0 234.0 1.083 2.948 
 
211.0 7.2 2.658 0.091 
 
91.0 234.0 1.146 2.948 
 
216.0 10.1 2.721 0.127 
 
101.0 233.0 1.272 2.935 
 
221.0 11.9 2.784 0.150 
 
111.0 233.0 1.398 2.935 
 
226.0 12.9 2.847 0.163 
 
121.0 233.0 1.524 2.935 
 
231.0 15.1 2.910 0.190 
 
131.0 231.0 1.650 2.910 
 
236.0 16.0 2.973 0.202 
 
141.0 228.0 1.776 2.872 
 
241.0 17.3 3.036 0.218 
 
151.0 224.0 1.902 2.822 
 
246.0 19.0 3.099 0.239 
 
161.0 221.0 2.028 2.784 
 
251.0 20.0 3.162 0.252 
 
171.0 219.0 2.154 2.759 
 
256.0 21.2 3.225 0.267 
 
181.0 216.0 2.280 2.721 
 
261.0 22.5 3.288 0.283 
 
191.0 213.0 2.406 2.683 
 
266.0 24.4 3.351 0.307 
 
201.0 208.0 2.532 2.620 
 
271.0 25.3 3.414 0.319 
 
199.0 199.0 2.507 2.507 
 
276.0 26.2 3.477 0.330 
 
191.0 188.0 2.406 2.369 
 
281.0 27.4 3.540 0.345 
 
191.0 177.0 2.406 2.230 
 
286.0 28.1 3.603 0.354 
 
201.0 172.0 2.532 2.167 
 
291.0 28.7 3.666 0.362 
 
211.0 167.0 2.658 2.104 
 
296.0 28.7 3.729 0.362 
 
221.0 160.0 2.784 2.016 
 
301.0 25.7 3.792 0.324 
 
231.0 155.0 2.910 1.953 
 
306.0 23.2 3.855 0.292 
 
241.0 151.0 3.036 1.902 
 
311.0 22.2 3.918 0.280 
 
251.0 148.0 3.162 1.865 
 
316.0 21.2 3.981 0.267 
 
261.0 142.0 3.288 1.789 
 
321.0 20.8 4.044 0.262 
 
271.0 129.0 3.414 1.625 
 
326.0 21.1 4.107 0.266 
 
274.0 115.0 3.452 1.449 
 
331.0 21.9 4.170 0.276 
 
266.0 100.0 3.351 1.260 
 
336.0 22.5 4.233 0.283 
 
256.0 84.0 3.225 1.058 
 
341.0 23.8 4.296 0.300 
 
246.0 72.0 3.099 0.907 
 
346.0 24.3 4.359 0.306 
 
236.0 61.0 2.973 0.769 
 
351.0 26.0 4.422 0.328 
 
226.0 50.0 2.847 0.630 
 
356.0 26.3 4.485 0.331 
 
216.0 39.0 2.721 0.491 
 
361.0 26.2 4.548 0.330 
 
206.0 30.0 2.595 0.378 
 
366.0 26.7 4.611 0.336 
 
196.0 15.0 2.469 0.189 
 
371.0 26.2 4.674 0.330 
 
194.0 0.0 2.444 0.000 
 
376.0 23.0 4.737 0.290 
 
401.0 373.0 5.052 4.699 
 
381.0 21.0 4.800 0.265 
 
411.0 377.0 5.178 4.750 
 
386.0 19.8 4.863 0.249 
 
421.0 381.0 5.304 4.800 
 
391.0 17.5 4.926 0.220 
 
431.0 383.0 5.430 4.825 
 
401.0 13.1 5.052 0.165 
 
441.0 391.0 5.556 4.926 
 
411.0 11.2 5.178 0.141 
 
451.0 403.0 5.682 5.077 
 
421.0 9.2 5.304 0.116 
 
461.0 417.0 5.808 5.254 
 
431.0 9.4 5.430 0.118 
 
471.0 427.0 5.934 5.380 
 
441.0 9.5 5.556 0.120 
 
481.0 432.0 6.060 5.443 
 
451.0 10.1 5.682 0.127 
 
491.0 437.0 6.186 5.506 
 
461.0 10.3 5.808 0.130 
 
501.0 443.0 6.312 5.581 
 
471.0 8.3 5.934 0.105 
 
511.0 448.0 6.438 5.644 
 
481.0 4.4 6.060 0.055 
 
521.0 453.0 6.564 5.707 
 
491.0 4.5 6.186 0.057 
 
531.0 457.0 6.690 5.757 
 
501.0 7.4 6.312 0.093 
 
541.0 460.0 6.816 5.795 
 
511.0 11.0 6.438 0.139 
 
551.0 463.0 6.942 5.833 
 
521.0 15.4 6.564 0.194 
 
561.0 464.0 7.068 5.846 
 
531.0 19.3 6.690 0.243 
 
571.0 465.0 7.194 5.858 
 
541.0 23.3 6.816 0.294 
 
581.0 465.0 7.320 5.858 
 
551.0 26.5 6.942 0.334 
 
591.0 466.0 7.446 5.871 
 
561.0 28.8 7.068 0.363 
 
601.0 467.0 7.572 5.883 
 
571.0 32.2 7.194 0.406 
 
611.0 471.0 7.698 5.934 
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581.0 34.4 7.320 0.433 
 
621.0 479.0 7.824 6.035 
 
591.0 35.9 7.446 0.452 
 
631.0 484.0 7.950 6.098 
 
601.0 34.8 7.572 0.438 
 
641.0 496.0 8.076 6.249 
 
611.0 28.1 7.698 0.354 
 
651.0 523.0 8.202 6.589 
 
621.0 28.7 7.824 0.362 
 
653.0 528.0 8.227 6.652 
 
631.0 27.2 7.950 0.343 
 
-222.0 0.0 -2.797 0.000 
 
641.0 27.2 8.076 0.343 
 
-221.0 -7.0 -2.784 -0.088 
 
651.0 27.2 8.202 0.343 
 
-221.0 -12.0 -2.784 -0.151 
      
-219.5 -22.0 -2.765 -0.277 
      
-219.0 -32.0 -2.759 -0.403 
      
-217.0 -42.0 -2.734 -0.529 
      
-215.0 -52.0 -2.709 -0.655 
      
-212.5 -62.0 -2.677 -0.781 
      
-209.0 -72.0 -2.633 -0.907 
      
-204.0 -82.0 -2.570 -1.033 
      
-199.0 -92.0 -2.507 -1.159 
      
-193.0 -102.0 -2.431 -1.285 
      
-188.0 -112.0 -2.369 -1.411 
      
-180.0 -122.0 -2.268 -1.537 
      
-175.0 -132.0 -2.205 -1.663 
      
-167.0 -142.0 -2.104 -1.789 
      
-157.0 -152.0 -1.978 -1.915 
      
-149.0 -160.0 -1.877 -2.016 
      
-139.0 -164.0 -1.751 -2.066 
      
-129.0 -172.0 -1.625 -2.167 
      
-119.0 -178.0 -1.499 -2.243 
      
-109.0 -183.0 -1.373 -2.306 
      
-99.0 -187.0 -1.247 -2.356 
      
-89.0 -190.0 -1.121 -2.394 
      
-79.0 -195.0 -0.995 -2.457 
      
-69.0 -200.0 -0.869 -2.520 
      
-59.0 -208.0 -0.743 -2.620 
      
-49.0 -212.0 -0.617 -2.671 
      
-39.0 -217.0 -0.491 -2.734 
      
-29.0 -221.0 -0.365 -2.784 
      
-19.0 -223.0 -0.239 -2.809 
      
-9.0 -225.0 -0.113 -2.835 
      
1.0 -227.0 0.013 -2.860 
      
11.0 -228.0 0.139 -2.872 
      
21.0 -229.0 0.265 -2.885 
      
31.0 -230.0 0.391 -2.898 
      
41.0 -231.0 0.517 -2.910 
      
51.0 -233.0 0.643 -2.935 
      
61.0 -234.0 0.769 -2.948 
      
71.0 -235.0 0.894 -2.961 
      
81.0 -236.0 1.020 -2.973 
      
91.0 -238.0 1.146 -2.998 
      
101.0 -240.0 1.272 -3.024 
      
111.0 -242.0 1.398 -3.049 
      
121.0 -244.0 1.524 -3.074 
      
131.0 -248.0 1.650 -3.124 
      
141.0 -249.0 1.776 -3.137 
      
151.0 -252.0 1.902 -3.175 
      
161.0 -253.0 2.028 -3.187 
      
171.0 -255.0 2.154 -3.213 
      
181.0 -256.0 2.280 -3.225 
      
191.0 -257.0 2.406 -3.238 
      
201.0 -259.0 2.532 -3.263 
      
211.0 -261.0 2.658 -3.288 
      
221.0 -263.0 2.784 -3.313 
      
231.0 -265.0 2.910 -3.339 
      
241.0 -267.0 3.036 -3.364 
      
251.0 -270.0 3.162 -3.402 
      
261.0 -272.0 3.288 -3.427 
      
271.0 -273.0 3.414 -3.439 
      
281.0 -275.0 3.540 -3.465 
      
291.0 -277.0 3.666 -3.490 
      
301.0 -280.0 3.792 -3.528 
      
311.0 -292.0 3.918 -3.679 
      
321.0 -307.0 4.044 -3.868 
      
331.0 -321.0 4.170 -4.044 
      
341.0 -332.0 4.296 -4.183 
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351.0 -340.0 4.422 -4.283 
      
361.0 -350.0 4.548 -4.409 
      
371.0 -358.0 4.674 -4.510 
      
381.0 -365.0 4.800 -4.598 
      
391.0 -370.0 4.926 -4.661 
      
86.0 -234.0 1.083 -2.948 
      
91.0 -234.0 1.146 -2.948 
      
101.0 -233.0 1.272 -2.935 
      
111.0 -233.0 1.398 -2.935 
      
121.0 -233.0 1.524 -2.935 
      
131.0 -231.0 1.650 -2.910 
      
141.0 -228.0 1.776 -2.872 
      
151.0 -224.0 1.902 -2.822 
      
161.0 -221.0 2.028 -2.784 
      
171.0 -219.0 2.154 -2.759 
      
181.0 -216.0 2.280 -2.721 
      
191.0 -213.0 2.406 -2.683 
      
201.0 -208.0 2.532 -2.620 
      
199.0 -199.0 2.507 -2.507 
      
191.0 -188.0 2.406 -2.369 
      
191.0 -177.0 2.406 -2.230 
      
201.0 -172.0 2.532 -2.167 
      
211.0 -167.0 2.658 -2.104 
      
221.0 -160.0 2.784 -2.016 
      
231.0 -155.0 2.910 -1.953 
      
241.0 -151.0 3.036 -1.902 
      
251.0 -148.0 3.162 -1.865 
      
261.0 -142.0 3.288 -1.789 
      
271.0 -129.0 3.414 -1.625 
      
274.0 -115.0 3.452 -1.449 
      
266.0 -100.0 3.351 -1.260 
      
256.0 -84.0 3.225 -1.058 
      
246.0 -72.0 3.099 -0.907 
      
236.0 -61.0 2.973 -0.769 
      
226.0 -50.0 2.847 -0.630 
      
216.0 -39.0 2.721 -0.491 
      
206.0 -30.0 2.595 -0.378 
      
196.0 -15.0 2.469 -0.189 
      
194.0 0.0 2.444 0.000 
      
401.0 -373.0 5.052 -4.699 
      
411.0 -377.0 5.178 -4.750 
      
421.0 -381.0 5.304 -4.800 
      
431.0 -383.0 5.430 -4.825 
      
441.0 -391.0 5.556 -4.926 
      
451.0 -403.0 5.682 -5.077 
      
461.0 -417.0 5.808 -5.254 
      
471.0 -427.0 5.934 -5.380 
      
481.0 -432.0 6.060 -5.443 
      
491.0 -437.0 6.186 -5.506 
      
501.0 -443.0 6.312 -5.581 
      
511.0 -448.0 6.438 -5.644 
      
521.0 -453.0 6.564 -5.707 
      
531.0 -457.0 6.690 -5.757 
      
541.0 -460.0 6.816 -5.795 
      
551.0 -463.0 6.942 -5.833 
      
561.0 -464.0 7.068 -5.846 
      
571.0 -465.0 7.194 -5.858 
      
581.0 -465.0 7.320 -5.858 
      
591.0 -466.0 7.446 -5.871 
      
601.0 -467.0 7.572 -5.883 
      
611.0 -471.0 7.698 -5.934 
      
621.0 -479.0 7.824 -6.035 
      
631.0 -484.0 7.950 -6.098 
      
641.0 -496.0 8.076 -6.249 
      
651.0 -523.0 8.202 -6.589 
      
653.0 -528.0 8.227 -6.652 
 
Experiment No. E8 
  
D/B = 6.5% 
   Pier Diameter D (mm) 69.85 
  
D/d50 = 137 
   Channel Width B (mm) 1066.8 
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Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.065 
       Relative Coarseness D/d50 137.0 
       Aspect Ratio H/B 0.112 
       Flow Field Scale H/D 1.718 
       Scour Depth ds 88.1 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-207.0 -0.1 -2.963 -0.001 
 
-200.0 0.0 -2.863 0.000 
 
-202.0 0.2 -2.892 0.003 
 
-200.0 2.0 -2.863 0.029 
 
-197.0 -1.4 -2.820 -0.020 
 
-199.0 12.0 -2.849 0.172 
 
-192.0 -3.6 -2.749 -0.052 
 
-197.0 22.0 -2.820 0.315 
 
-187.0 -6.6 -2.677 -0.094 
 
-195.0 32.0 -2.792 0.458 
 
-182.0 -10.0 -2.606 -0.143 
 
-194.0 42.0 -2.777 0.601 
 
-177.0 -13.5 -2.534 -0.193 
 
-192.5 52.0 -2.756 0.744 
 
-172.0 -16.5 -2.462 -0.236 
 
-190.5 62.0 -2.727 0.888 
 
-167.0 -20.0 -2.391 -0.286 
 
-188.5 72.0 -2.699 1.031 
 
-162.0 -23.1 -2.319 -0.331 
 
-182.5 82.0 -2.613 1.174 
 
-157.0 -26.0 -2.248 -0.372 
 
-177.5 92.0 -2.541 1.317 
 
-152.0 -28.5 -2.176 -0.408 
 
-173.0 102.0 -2.477 1.460 
 
-147.0 -31.3 -2.105 -0.448 
 
-168.5 112.0 -2.412 1.603 
 
-142.0 -34.8 -2.033 -0.498 
 
-162.0 122.0 -2.319 1.747 
 
-137.0 -36.8 -1.961 -0.527 
 
-153.5 132.0 -2.198 1.890 
 
-132.0 -39.9 -1.890 -0.571 
 
-147.0 142.0 -2.105 2.033 
 
-127.0 -42.8 -1.818 -0.613 
 
-133.0 152.0 -1.904 2.176 
 
-122.0 -46.3 -1.747 -0.663 
 
-127.0 155.0 -1.818 2.219 
 
-117.0 -48.7 -1.675 -0.697 
 
-117.0 161.0 -1.675 2.305 
 
-112.0 -51.5 -1.603 -0.737 
 
-107.0 167.0 -1.532 2.391 
 
-107.0 -53.9 -1.532 -0.772 
 
-97.0 172.0 -1.389 2.462 
 
-102.0 -56.9 -1.460 -0.815 
 
-87.0 177.0 -1.246 2.534 
 
-97.0 -61.3 -1.389 -0.878 
 
-77.0 182.0 -1.102 2.606 
 
-92.0 -63.8 -1.317 -0.913 
 
-67.0 187.0 -0.959 2.677 
 
-87.0 -66.9 -1.246 -0.958 
 
-57.0 190.0 -0.816 2.720 
 
-82.0 -68.8 -1.174 -0.985 
 
-47.0 195.0 -0.673 2.792 
 
-77.0 -72.3 -1.102 -1.035 
 
-37.0 199.0 -0.530 2.849 
 
-72.0 -75.2 -1.031 -1.077 
 
-27.0 202.0 -0.387 2.892 
 
-67.0 -77.9 -0.959 -1.115 
 
-17.0 205.0 -0.243 2.935 
 
-62.0 -81.3 -0.888 -1.164 
 
-7.0 209.0 -0.100 2.992 
 
-57.0 -85.4 -0.816 -1.223 
 
3.0 212.0 0.043 3.035 
 
-52.0 -88.1 -0.744 -1.261 
 
13.0 215.0 0.186 3.078 
 
-47.0 -86.1 -0.673 -1.233 
 
23.0 216.0 0.329 3.092 
 
-42.0 -87.8 -0.601 -1.257 
 
33.0 217.0 0.472 3.107 
 
-40.0 -87.3 -0.573 -1.250 
 
43.0 217.0 0.616 3.107 
 
40.0 -60.0 0.573 -0.859 
 
53.0 218.0 0.759 3.121 
 
43.0 -60.4 0.616 -0.865 
 
63.0 218.0 0.902 3.121 
 
48.0 -60.7 0.687 -0.869 
 
73.0 219.0 1.045 3.135 
 
53.0 -61.7 0.759 -0.883 
 
83.0 219.0 1.188 3.135 
 
58.0 -61.3 0.830 -0.878 
 
93.0 222.0 1.331 3.178 
 
63.0 -60.8 0.902 -0.870 
 
103.0 226.0 1.475 3.236 
 
68.0 -59.8 0.974 -0.856 
 
113.0 229.0 1.618 3.278 
 
73.0 -57.6 1.045 -0.825 
 
123.0 232.0 1.761 3.321 
 
78.0 -55.0 1.117 -0.787 
 
133.0 234.0 1.904 3.350 
 
83.0 -52.5 1.188 -0.752 
 
143.0 237.0 2.047 3.393 
 
88.0 -48.1 1.260 -0.689 
 
153.0 239.0 2.190 3.422 
 
93.0 -45.5 1.331 -0.651 
 
163.0 242.0 2.334 3.465 
 
98.0 -42.2 1.403 -0.604 
 
173.0 245.0 2.477 3.508 
 
103.0 -38.7 1.475 -0.554 
 
183.0 246.0 2.620 3.522 
 
108.0 -35.8 1.546 -0.513 
 
193.0 247.0 2.763 3.536 
 
113.0 -32.9 1.618 -0.471 
 
203.0 247.0 2.906 3.536 
 
118.0 -30.2 1.689 -0.432 
 
213.0 247.0 3.049 3.536 
 
123.0 -26.7 1.761 -0.382 
 
223.0 247.0 3.193 3.536 
 
128.0 -23.8 1.832 -0.341 
 
233.0 248.0 3.336 3.550 
 
133.0 -21.9 1.904 -0.314 
 
243.0 249.0 3.479 3.565 
 
138.0 -19.4 1.976 -0.278 
 
253.0 250.0 3.622 3.579 
 
143.0 -16.5 2.047 -0.236 
 
263.0 252.0 3.765 3.608 
 
148.0 -13.9 2.119 -0.199 
 
273.0 253.0 3.908 3.622 
 
153.0 -11.0 2.190 -0.157 
 
283.0 255.0 4.052 3.651 
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158.0 -9.9 2.262 -0.142 
 
293.0 257.0 4.195 3.679 
 
163.0 -7.1 2.334 -0.102 
 
303.0 260.0 4.338 3.722 
 
168.0 -5.0 2.405 -0.072 
 
313.0 262.0 4.481 3.751 
 
173.0 -2.6 2.477 -0.037 
 
323.0 274.0 4.624 3.923 
 
178.0 -0.6 2.548 -0.009 
 
333.0 292.0 4.767 4.180 
 
183.0 1.3 2.620 0.019 
 
343.0 304.0 4.911 4.352 
 
188.0 2.6 2.691 0.037 
 
353.0 319.0 5.054 4.567 
 
193.0 4.9 2.763 0.070 
 
363.0 328.0 5.197 4.696 
 
198.0 6.6 2.835 0.094 
 
373.0 338.0 5.340 4.839 
 
203.0 8.1 2.906 0.116 
 
383.0 348.0 5.483 4.982 
 
208.0 10.4 2.978 0.149 
 
393.0 357.0 5.626 5.111 
 
213.0 11.6 3.049 0.166 
 
63.0 219.0 0.902 3.135 
 
218.0 13.2 3.121 0.189 
 
73.0 219.0 1.045 3.135 
 
223.0 14.5 3.193 0.208 
 
83.0 219.0 1.188 3.135 
 
228.0 15.2 3.264 0.218 
 
93.0 219.0 1.331 3.135 
 
233.0 17.5 3.336 0.251 
 
103.0 219.0 1.475 3.135 
 
238.0 17.4 3.407 0.249 
 
113.0 219.0 1.618 3.135 
 
243.0 18.4 3.479 0.263 
 
123.0 219.0 1.761 3.135 
 
248.0 19.1 3.550 0.273 
 
133.0 213.0 1.904 3.049 
 
253.0 19.5 3.622 0.279 
 
143.0 209.0 2.047 2.992 
 
258.0 20.1 3.694 0.288 
 
153.0 202.0 2.190 2.892 
 
263.0 19.3 3.765 0.276 
 
163.0 197.0 2.334 2.820 
 
268.0 19.6 3.837 0.281 
 
173.0 190.0 2.477 2.720 
 
273.0 19.8 3.908 0.283 
 
183.0 177.0 2.620 2.534 
 
278.0 18.8 3.980 0.269 
 
184.0 163.0 2.634 2.334 
 
283.0 18.9 4.052 0.271 
 
186.0 147.0 2.663 2.105 
 
288.0 19.8 4.123 0.283 
 
193.0 144.0 2.763 2.062 
 
293.0 19.2 4.195 0.275 
 
203.0 140.0 2.906 2.004 
 
298.0 19.2 4.266 0.275 
 
213.0 134.0 3.049 1.918 
 
303.0 20.1 4.338 0.288 
 
223.0 130.0 3.193 1.861 
 
308.0 20.8 4.409 0.298 
 
233.0 121.0 3.336 1.732 
 
313.0 20.5 4.481 0.293 
 
243.0 113.0 3.479 1.618 
 
318.0 20.7 4.553 0.296 
 
246.0 106.0 3.522 1.518 
 
323.0 21.6 4.624 0.309 
 
246.0 97.0 3.522 1.389 
 
328.0 21.6 4.696 0.309 
 
243.0 88.0 3.479 1.260 
 
333.0 22.0 4.767 0.315 
 
233.0 78.0 3.336 1.117 
 
338.0 23.3 4.839 0.334 
 
223.0 64.0 3.193 0.916 
 
343.0 22.8 4.911 0.326 
 
213.0 51.0 3.049 0.730 
 
348.0 19.8 4.982 0.283 
 
203.0 40.0 2.906 0.573 
 
353.0 16.5 5.054 0.236 
 
193.0 30.0 2.763 0.429 
 
358.0 13.2 5.125 0.189 
 
173.0 0.0 2.477 0.000 
 
363.0 9.1 5.197 0.130 
 
403.0 364.0 5.770 5.211 
 
368.0 7.1 5.268 0.102 
 
413.0 370.0 5.913 5.297 
 
373.0 6.6 5.340 0.094 
 
423.0 372.0 6.056 5.326 
 
378.0 6.2 5.412 0.089 
 
433.0 376.0 6.199 5.383 
 
383.0 4.0 5.483 0.057 
 
443.0 378.0 6.342 5.412 
 
388.0 1.6 5.555 0.023 
 
453.0 380.0 6.485 5.440 
 
393.0 1.2 5.626 0.017 
 
463.0 383.0 6.628 5.483 
 
403.0 -1.5 5.770 -0.021 
 
473.0 387.0 6.772 5.540 
 
413.0 -2.1 5.913 -0.030 
 
483.0 393.0 6.915 5.626 
 
423.0 -1.5 6.056 -0.021 
 
493.0 413.0 7.058 5.913 
 
433.0 -3.2 6.199 -0.046 
 
503.0 429.0 7.201 6.142 
 
443.0 -3.8 6.342 -0.054 
 
513.0 437.0 7.344 6.256 
 
453.0 -0.9 6.485 -0.013 
 
523.0 450.0 7.487 6.442 
 
463.0 2.6 6.628 0.037 
 
533.0 462.0 7.631 6.614 
 
473.0 7.0 6.772 0.100 
 
543.0 471.0 7.774 6.743 
 
483.0 10.6 6.915 0.152 
 
553.0 479.0 7.917 6.858 
 
493.0 14.3 7.058 0.205 
 
563.0 485.0 8.060 6.943 
 
503.0 18.2 7.201 0.261 
 
573.0 491.0 8.203 7.029 
 
513.0 22.3 7.344 0.319 
 
583.0 497.0 8.346 7.115 
 
523.0 25.6 7.487 0.366 
 
593.0 502.0 8.490 7.187 
 
533.0 28.8 7.631 0.412 
 
603.0 504.0 8.633 7.215 
 
543.0 32.0 7.774 0.458 
 
613.0 507.0 8.776 7.258 
 
553.0 35.0 7.917 0.501 
 
623.0 508.0 8.919 7.273 
 
563.0 36.5 8.060 0.523 
 
633.0 511.0 9.062 7.316 
 
573.0 30.8 8.203 0.441 
 
643.0 512.0 9.205 7.330 
 
583.0 29.3 8.346 0.419 
 
653.0 514.0 9.349 7.359 
 
593.0 29.3 8.490 0.419 
 
663.0 517.0 9.492 7.402 
 
603.0 28.0 8.633 0.401 
 
673.0 519.0 9.635 7.430 
 
613.0 28.3 8.776 0.405 
 
683.0 521.0 9.778 7.459 
 
623.0 28.9 8.919 0.414 
 
693.0 523.0 9.921 7.487 
 
633.0 30.6 9.062 0.438 
 
703.0 524.0 10.064 7.502 
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643.0 31.7 9.205 0.454 
 
713.0 525.0 10.208 7.516 
 
653.0 33.7 9.349 0.482 
 
723.0 527.0 10.351 7.545 
 
663.0 33.7 9.492 0.482 
 
-200.0 0.0 -2.863 0.000 
 
673.0 35.9 9.635 0.514 
 
-200.0 -2.0 -2.863 -0.029 
 
683.0 38.0 9.778 0.544 
 
-199.0 -12.0 -2.849 -0.172 
 
693.0 41.2 9.921 0.590 
 
-197.0 -22.0 -2.820 -0.315 
 
703.0 44.1 10.064 0.631 
 
-195.0 -32.0 -2.792 -0.458 
 
713.0 45.4 10.208 0.650 
 
-194.0 -42.0 -2.777 -0.601 
 
723.0 37.9 10.351 0.543 
 
-192.5 -52.0 -2.756 -0.744 
 
733.0 31.8 10.494 0.455 
 
-190.5 -62.0 -2.727 -0.888 
 
743.0 31.5 10.637 0.451 
 
-188.5 -72.0 -2.699 -1.031 
 
753.0 31.3 10.780 0.448 
 
-182.5 -82.0 -2.613 -1.174 
 
763.0 31.0 10.923 0.444 
 
-177.5 -92.0 -2.541 -1.317 
 
773.0 30.7 11.067 0.440 
 
-173.0 -102.0 -2.477 -1.460 
 
783.0 30.6 11.210 0.438 
 
-168.5 -112.0 -2.412 -1.603 
 
793.0 29.4 11.353 0.421 
 
-162.0 -122.0 -2.319 -1.747 
 
803.0 24.4 11.496 0.349 
 
-153.5 -132.0 -2.198 -1.890 
 
813.0 18.0 11.639 0.258 
 
-147.0 -142.0 -2.105 -2.033 
 
823.0 18.3 11.782 0.262 
 
-133.0 -152.0 -1.904 -2.176 
 
833.0 18.3 11.926 0.262 
 
-127.0 -155.0 -1.818 -2.219 
 
843.0 18.0 12.069 0.258 
 
-117.0 -161.0 -1.675 -2.305 
 
853.0 17.2 12.212 0.246 
 
-107.0 -167.0 -1.532 -2.391 
 
863.0 14.8 12.355 0.212 
 
-97.0 -172.0 -1.389 -2.462 
 
873.0 11.5 12.498 0.165 
 
-87.0 -177.0 -1.246 -2.534 
 
883.0 7.9 12.641 0.113 
 
-77.0 -182.0 -1.102 -2.606 
 
893.0 5.1 12.785 0.073 
 
-67.0 -187.0 -0.959 -2.677 
 
903.0 5.4 12.928 0.077 
 
-57.0 -190.0 -0.816 -2.720 
 
913.0 4.6 13.071 0.066 
 
-47.0 -195.0 -0.673 -2.792 
 
923.0 5.1 13.214 0.073 
 
-37.0 -199.0 -0.530 -2.849 
 
933.0 4.5 13.357 0.064 
 
-27.0 -202.0 -0.387 -2.892 
 
943.0 5.2 13.500 0.074 
 
-17.0 -205.0 -0.243 -2.935 
 
953.0 5.9 13.644 0.084 
 
-7.0 -209.0 -0.100 -2.992 
 
963.0 7.3 13.787 0.105 
 
3.0 -212.0 0.043 -3.035 
 
973.0 7.6 13.930 0.109 
 
13.0 -215.0 0.186 -3.078 
 
983.0 8.9 14.073 0.127 
 
23.0 -216.0 0.329 -3.092 
 
993.0 8.7 14.216 0.125 
 
33.0 -217.0 0.472 -3.107 
 
1003.0 5.7 14.359 0.082 
 
43.0 -217.0 0.616 -3.107 
 
1013.0 1.3 14.503 0.019 
 
53.0 -218.0 0.759 -3.121 
 
1023.0 -2.2 14.646 -0.031 
 
63.0 -218.0 0.902 -3.121 
 
1033.0 -6.9 14.789 -0.099 
 
73.0 -219.0 1.045 -3.135 
 
1043.0 -9.5 14.932 -0.136 
 
83.0 -219.0 1.188 -3.135 
 
1053.0 -15.5 15.075 -0.222 
 
93.0 -222.0 1.331 -3.178 
 
1063.0 -21.0 15.218 -0.301 
 
103.0 -226.0 1.475 -3.236 
 
1073.0 -23.4 15.361 -0.335 
 
113.0 -229.0 1.618 -3.278 
 
1083.0 -21.1 15.505 -0.302 
 
123.0 -232.0 1.761 -3.321 
 
1093.0 -16.8 15.648 -0.241 
 
133.0 -234.0 1.904 -3.350 
      
143.0 -237.0 2.047 -3.393 
      
153.0 -239.0 2.190 -3.422 
      
163.0 -242.0 2.334 -3.465 
      
173.0 -245.0 2.477 -3.508 
      
183.0 -246.0 2.620 -3.522 
      
193.0 -247.0 2.763 -3.536 
      
203.0 -247.0 2.906 -3.536 
      
213.0 -247.0 3.049 -3.536 
      
223.0 -247.0 3.193 -3.536 
      
233.0 -248.0 3.336 -3.550 
      
243.0 -249.0 3.479 -3.565 
      
253.0 -250.0 3.622 -3.579 
      
263.0 -252.0 3.765 -3.608 
      
273.0 -253.0 3.908 -3.622 
      
283.0 -255.0 4.052 -3.651 
      
293.0 -257.0 4.195 -3.679 
      
303.0 -260.0 4.338 -3.722 
      
313.0 -262.0 4.481 -3.751 
      
323.0 -274.0 4.624 -3.923 
      
333.0 -292.0 4.767 -4.180 
      
343.0 -304.0 4.911 -4.352 
      
353.0 -319.0 5.054 -4.567 
      
363.0 -328.0 5.197 -4.696 
      
373.0 -338.0 5.340 -4.839 
      
383.0 -348.0 5.483 -4.982 
      
393.0 -357.0 5.626 -5.111 
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63.0 -219.0 0.902 -3.135 
      
73.0 -219.0 1.045 -3.135 
      
83.0 -219.0 1.188 -3.135 
      
93.0 -219.0 1.331 -3.135 
      
103.0 -219.0 1.475 -3.135 
      
113.0 -219.0 1.618 -3.135 
      
123.0 -219.0 1.761 -3.135 
      
133.0 -213.0 1.904 -3.049 
      
143.0 -209.0 2.047 -2.992 
      
153.0 -202.0 2.190 -2.892 
      
163.0 -197.0 2.334 -2.820 
      
173.0 -190.0 2.477 -2.720 
      
183.0 -177.0 2.620 -2.534 
      
184.0 -163.0 2.634 -2.334 
      
186.0 -147.0 2.663 -2.105 
      
193.0 -144.0 2.763 -2.062 
      
203.0 -140.0 2.906 -2.004 
      
213.0 -134.0 3.049 -1.918 
      
223.0 -130.0 3.193 -1.861 
      
233.0 -121.0 3.336 -1.732 
      
243.0 -113.0 3.479 -1.618 
      
246.0 -106.0 3.522 -1.518 
      
246.0 -97.0 3.522 -1.389 
      
243.0 -88.0 3.479 -1.260 
      
233.0 -78.0 3.336 -1.117 
      
223.0 -64.0 3.193 -0.916 
      
213.0 -51.0 3.049 -0.730 
      
203.0 -40.0 2.906 -0.573 
      
193.0 -30.0 2.763 -0.429 
      
173.0 0.0 2.477 0.000 
      
403.0 -364.0 5.770 -5.211 
      
413.0 -370.0 5.913 -5.297 
      
423.0 -372.0 6.056 -5.326 
      
433.0 -376.0 6.199 -5.383 
      
443.0 -378.0 6.342 -5.412 
      
453.0 -380.0 6.485 -5.440 
      
463.0 -383.0 6.628 -5.483 
      
473.0 -387.0 6.772 -5.540 
      
483.0 -393.0 6.915 -5.626 
      
493.0 -413.0 7.058 -5.913 
      
503.0 -429.0 7.201 -6.142 
      
513.0 -437.0 7.344 -6.256 
      
523.0 -450.0 7.487 -6.442 
      
533.0 -462.0 7.631 -6.614 
      
543.0 -471.0 7.774 -6.743 
      
553.0 -479.0 7.917 -6.858 
      
563.0 -485.0 8.060 -6.943 
      
573.0 -491.0 8.203 -7.029 
      
583.0 -497.0 8.346 -7.115 
      
593.0 -502.0 8.490 -7.187 
      
603.0 -504.0 8.633 -7.215 
      
613.0 -507.0 8.776 -7.258 
      
623.0 -508.0 8.919 -7.273 
      
633.0 -511.0 9.062 -7.316 
      
643.0 -512.0 9.205 -7.330 
      
653.0 -514.0 9.349 -7.359 
      
663.0 -517.0 9.492 -7.402 
      
673.0 -519.0 9.635 -7.430 
      
683.0 -521.0 9.778 -7.459 
      
693.0 -523.0 9.921 -7.487 
      
703.0 -524.0 10.064 -7.502 
      
713.0 -525.0 10.208 -7.516 
      
723.0 -527.0 10.351 -7.545 
 
Experiment No. E9 
  
D/B = 9.9% 
   Pier Diameter D (mm) 100.8 
  
D/d50 = 198 
   Channel Width B (mm) 1016 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       
 106 
 
Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.099 
       Relative Coarseness D/d50 197.6 
       Aspect Ratio H/B 0.118 
       Flow Field Scale H/D 1.190 
       Scour Depth ds 110.9 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-269.0 -0.2 -2.669 -0.002 
 
411.0 407.0 4.077 4.038 
 
-264.0 0.5 -2.619 0.005 
 
401.0 404.0 3.978 4.008 
 
-259.0 -0.3 -2.569 -0.003 
 
391.0 400.0 3.879 3.968 
 
-254.0 -0.8 -2.520 -0.008 
 
381.0 397.0 3.780 3.938 
 
-249.0 -1.6 -2.470 -0.016 
 
371.0 394.0 3.681 3.909 
 
-244.0 -5.2 -2.421 -0.052 
 
361.0 391.0 3.581 3.879 
 
-239.0 -7.9 -2.371 -0.078 
 
351.0 387.0 3.482 3.839 
 
-234.0 -10.9 -2.321 -0.108 
 
341.0 383.0 3.383 3.800 
 
-229.0 -14.5 -2.272 -0.144 
 
331.0 381.0 3.284 3.780 
 
-224.0 -17.5 -2.222 -0.174 
 
321.0 378.0 3.185 3.750 
 
-219.0 -20.2 -2.173 -0.200 
 
311.0 373.0 3.085 3.700 
 
-214.0 -23.1 -2.123 -0.229 
 
301.0 368.0 2.986 3.651 
 
-209.0 -26.7 -2.073 -0.265 
 
291.0 362.0 2.887 3.591 
 
-204.0 -29.8 -2.024 -0.296 
 
281.0 356.0 2.788 3.532 
 
-199.0 -31.8 -1.974 -0.315 
 
271.0 350.0 2.688 3.472 
 
-194.0 -35.0 -1.925 -0.347 
 
261.0 341.0 2.589 3.383 
 
-189.0 -38.4 -1.875 -0.381 
 
251.0 332.0 2.490 3.294 
 
-184.0 -40.4 -1.825 -0.401 
 
241.0 323.0 2.391 3.204 
 
-179.0 -44.1 -1.776 -0.438 
 
231.0 309.0 2.292 3.065 
 
-174.0 -47.2 -1.726 -0.468 
 
221.0 289.0 2.192 2.867 
 
-169.0 -48.9 -1.677 -0.485 
 
211.0 288.0 2.093 2.857 
 
-164.0 -52.2 -1.627 -0.518 
 
201.0 288.0 1.994 2.857 
 
-159.0 -55.3 -1.577 -0.549 
 
191.0 286.0 1.895 2.837 
 
-154.0 -58.3 -1.528 -0.578 
 
181.0 285.0 1.796 2.827 
 
-149.0 -61.6 -1.478 -0.611 
 
171.0 282.0 1.696 2.798 
 
-144.0 -64.6 -1.429 -0.641 
 
161.0 279.0 1.597 2.768 
 
-139.0 -67.6 -1.379 -0.671 
 
151.0 275.0 1.498 2.728 
 
-134.0 -69.9 -1.329 -0.693 
 
141.0 271.0 1.399 2.688 
 
-129.0 -73.3 -1.280 -0.727 
 
131.0 269.0 1.300 2.669 
 
-124.0 -77.2 -1.230 -0.766 
 
121.0 266.0 1.200 2.639 
 
-119.0 -79.2 -1.181 -0.786 
 
111.0 265.0 1.101 2.629 
 
-114.0 -82.7 -1.131 -0.820 
 
101.0 265.0 1.002 2.629 
 
-109.0 -85.1 -1.081 -0.844 
 
91.0 264.0 0.903 2.619 
 
-104.0 -89.4 -1.032 -0.887 
 
81.0 264.0 0.804 2.619 
 
-99.0 -92.5 -0.982 -0.918 
 
71.0 264.0 0.704 2.619 
 
-94.0 -95.3 -0.933 -0.945 
 
61.0 262.0 0.605 2.599 
 
-89.0 -98.4 -0.883 -0.976 
 
51.0 261.0 0.506 2.589 
 
-84.0 -102.6 -0.833 -1.018 
 
41.0 259.0 0.407 2.569 
 
-79.0 -106.3 -0.784 -1.055 
 
31.0 257.0 0.308 2.550 
 
-74.0 -109.5 -0.734 -1.086 
 
41.0 254.0 0.407 2.520 
 
-69.0 -110.4 -0.685 -1.095 
 
51.0 254.0 0.506 2.520 
 
-64.0 -110.9 -0.635 -1.100 
 
61.0 254.0 0.605 2.520 
 
-59.0 -108.9 -0.585 -1.080 
 
71.0 254.0 0.704 2.520 
 
-54.0 -107.6 -0.536 -1.067 
 
81.0 254.0 0.804 2.520 
 
54.0 -72.4 0.536 -0.718 
 
91.0 253.0 0.903 2.510 
 
56.0 -72.6 0.556 -0.720 
 
101.0 253.0 1.002 2.510 
 
61.0 -72.1 0.605 -0.715 
 
111.0 253.0 1.101 2.510 
 
66.0 -71.0 0.655 -0.704 
 
121.0 253.0 1.200 2.510 
 
71.0 -71.3 0.704 -0.707 
 
131.0 252.0 1.300 2.500 
 
76.0 -72.5 0.754 -0.719 
 
141.0 250.0 1.399 2.480 
 
81.0 -73.0 0.804 -0.724 
 
151.0 245.0 1.498 2.431 
 
86.0 -71.3 0.853 -0.707 
 
161.0 239.0 1.597 2.371 
 
91.0 -69.2 0.903 -0.687 
 
171.0 229.0 1.696 2.272 
 
96.0 -67.5 0.952 -0.670 
 
181.0 220.0 1.796 2.183 
 
101.0 -63.1 1.002 -0.626 
 
191.0 208.0 1.895 2.063 
 
106.0 -59.4 1.052 -0.589 
 
201.0 200.0 1.994 1.984 
 
111.0 -57.2 1.101 -0.567 
 
211.0 194.0 2.093 1.925 
 
116.0 -53.7 1.151 -0.533 
 
221.0 192.0 2.192 1.905 
 
121.0 -50.1 1.200 -0.497 
 
231.0 189.0 2.292 1.875 
 
126.0 -46.6 1.250 -0.462 
 
241.0 186.0 2.391 1.845 
 
131.0 -43.3 1.300 -0.430 
 
251.0 183.0 2.490 1.815 
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136.0 -41.6 1.349 -0.413 
 
261.0 178.0 2.589 1.766 
 
141.0 -37.7 1.399 -0.374 
 
271.0 175.0 2.688 1.736 
 
146.0 -34.4 1.448 -0.341 
 
281.0 168.0 2.788 1.667 
 
151.0 -31.4 1.498 -0.312 
 
291.0 163.0 2.887 1.617 
 
156.0 -28.9 1.548 -0.287 
 
301.0 157.0 2.986 1.558 
 
161.0 -26.1 1.597 -0.259 
 
311.0 153.0 3.085 1.518 
 
166.0 -22.5 1.647 -0.223 
 
321.0 147.0 3.185 1.458 
 
171.0 -19.1 1.696 -0.189 
 
331.0 141.0 3.284 1.399 
 
176.0 -15.7 1.746 -0.156 
 
341.0 135.0 3.383 1.339 
 
181.0 -13.2 1.796 -0.131 
 
351.0 123.0 3.482 1.220 
 
186.0 -10.3 1.845 -0.102 
 
356.0 111.0 3.532 1.101 
 
191.0 -7.2 1.895 -0.071 
 
351.0 105.0 3.482 1.042 
 
196.0 -3.7 1.944 -0.037 
 
341.0 101.0 3.383 1.002 
 
201.0 -1.6 1.994 -0.016 
 
331.0 99.0 3.284 0.982 
 
206.0 2.2 2.044 0.022 
 
321.0 98.0 3.185 0.972 
 
211.0 5.3 2.093 0.053 
 
311.0 97.0 3.085 0.962 
 
216.0 7.1 2.143 0.070 
 
301.0 95.0 2.986 0.942 
 
221.0 10.5 2.192 0.104 
 
291.0 93.0 2.887 0.923 
 
226.0 12.8 2.242 0.127 
 
281.0 87.0 2.788 0.863 
 
231.0 15.3 2.292 0.152 
 
271.0 83.0 2.688 0.823 
 
236.0 17.9 2.341 0.178 
 
261.0 75.0 2.589 0.744 
 
241.0 19.8 2.391 0.196 
 
251.0 65.0 2.490 0.645 
 
246.0 23.0 2.440 0.228 
 
241.0 55.0 2.391 0.546 
 
251.0 25.5 2.490 0.253 
 
231.0 46.0 2.292 0.456 
 
256.0 27.0 2.540 0.268 
 
221.0 34.0 2.192 0.337 
 
261.0 29.8 2.589 0.296 
 
213.0 17.0 2.113 0.169 
 
266.0 31.7 2.639 0.314 
 
21.0 253.0 0.208 2.510 
 
271.0 33.1 2.688 0.328 
 
11.0 252.0 0.109 2.500 
 
276.0 34.8 2.738 0.345 
 
1.0 252.0 0.010 2.500 
 
281.0 36.2 2.788 0.359 
 
-9.0 250.0 -0.089 2.480 
 
286.0 38.3 2.837 0.380 
 
-19.0 248.0 -0.188 2.460 
 
291.0 39.4 2.887 0.391 
 
-29.0 247.0 -0.288 2.450 
 
296.0 40.6 2.937 0.403 
 
-39.0 245.0 -0.387 2.431 
 
301.0 41.6 2.986 0.413 
 
-49.0 242.0 -0.486 2.401 
 
306.0 42.3 3.036 0.420 
 
-59.0 240.0 -0.585 2.381 
 
311.0 43.0 3.085 0.427 
 
-69.0 236.0 -0.685 2.341 
 
316.0 42.5 3.135 0.422 
 
-79.0 234.0 -0.784 2.321 
 
321.0 43.2 3.185 0.429 
 
-89.0 229.0 -0.883 2.272 
 
326.0 42.9 3.234 0.426 
 
-99.0 226.0 -0.982 2.242 
 
331.0 41.8 3.284 0.415 
 
-109.0 221.0 -1.081 2.192 
 
336.0 39.9 3.333 0.396 
 
-119.0 214.0 -1.181 2.123 
 
341.0 37.8 3.383 0.375 
 
-129.0 209.0 -1.280 2.073 
 
346.0 36.3 3.433 0.360 
 
-139.0 203.0 -1.379 2.014 
 
351.0 34.8 3.482 0.345 
 
-149.0 197.0 -1.478 1.954 
 
356.0 34.2 3.532 0.339 
 
-159.0 190.0 -1.577 1.885 
 
361.0 33.8 3.581 0.335 
 
-169.0 182.0 -1.677 1.806 
 
366.0 34.4 3.631 0.341 
 
-179.0 173.0 -1.776 1.716 
 
371.0 34.5 3.681 0.342 
 
-189.0 163.0 -1.875 1.617 
 
376.0 34.6 3.730 0.343 
 
-199.0 153.0 -1.974 1.518 
 
381.0 35.1 3.780 0.348 
 
-209.0 141.0 -2.073 1.399 
 
386.0 36.0 3.829 0.357 
 
-213.0 135.0 -2.113 1.339 
 
391.0 36.5 3.879 0.362 
 
-217.5 125.0 -2.158 1.240 
 
396.0 37.4 3.929 0.371 
 
-223.0 115.0 -2.212 1.141 
 
401.0 38.2 3.978 0.379 
 
-229.0 105.0 -2.272 1.042 
 
406.0 38.4 4.028 0.381 
 
-234.0 95.0 -2.321 0.942 
 
411.0 38.3 4.077 0.380 
 
-237.0 85.0 -2.351 0.843 
 
416.0 37.0 4.127 0.367 
 
-241.0 75.0 -2.391 0.744 
 
421.0 33.4 4.177 0.331 
 
-244.0 65.0 -2.421 0.645 
 
426.0 28.4 4.226 0.282 
 
-247.5 55.0 -2.455 0.546 
 
431.0 27.6 4.276 0.274 
 
-249.5 45.0 -2.475 0.446 
 
436.0 27.0 4.325 0.268 
 
-250.0 35.0 -2.480 0.347 
 
441.0 26.1 4.375 0.259 
 
-251.5 25.0 -2.495 0.248 
 
451.0 26.1 4.474 0.259 
 
-253.0 15.0 -2.510 0.149 
 
461.0 27.0 4.573 0.268 
 
-254.0 5.0 -2.520 0.050 
 
471.0 28.0 4.673 0.278 
 
-254.0 0.0 -2.520 0.000 
 
481.0 30.2 4.772 0.300 
 
203.0 0.0 2.014 0.000 
 
491.0 31.7 4.871 0.314 
 
421.0 433.0 4.177 4.296 
 
501.0 33.6 4.970 0.333 
 
431.0 455.0 4.276 4.514 
 
511.0 34.8 5.069 0.345 
 
441.0 468.0 4.375 4.643 
 
521.0 36.2 5.169 0.359 
 
451.0 479.0 4.474 4.752 
 
531.0 36.8 5.268 0.365 
 
461.0 486.0 4.573 4.821 
 
541.0 35.9 5.367 0.356 
 
471.0 496.0 4.673 4.921 
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551.0 27.6 5.466 0.274 
 
411.0 -407.0 4.077 -4.038 
 
561.0 25.2 5.565 0.250 
 
401.0 -404.0 3.978 -4.008 
 
571.0 23.9 5.665 0.237 
 
391.0 -400.0 3.879 -3.968 
 
581.0 23.7 5.764 0.235 
 
381.0 -397.0 3.780 -3.938 
 
591.0 25.3 5.863 0.251 
 
371.0 -394.0 3.681 -3.909 
 
601.0 28.7 5.962 0.285 
 
361.0 -391.0 3.581 -3.879 
 
611.0 31.3 6.062 0.311 
 
351.0 -387.0 3.482 -3.839 
 
621.0 33.0 6.161 0.327 
 
341.0 -383.0 3.383 -3.800 
 
631.0 28.3 6.260 0.281 
 
331.0 -381.0 3.284 -3.780 
 
641.0 20.2 6.359 0.200 
 
321.0 -378.0 3.185 -3.750 
 
651.0 17.2 6.458 0.171 
 
311.0 -373.0 3.085 -3.700 
 
661.0 18.3 6.558 0.182 
 
301.0 -368.0 2.986 -3.651 
 
671.0 20.3 6.657 0.201 
 
291.0 -362.0 2.887 -3.591 
 
681.0 23.3 6.756 0.231 
 
281.0 -356.0 2.788 -3.532 
 
691.0 26.5 6.855 0.263 
 
271.0 -350.0 2.688 -3.472 
 
701.0 30.4 6.954 0.302 
 
261.0 -341.0 2.589 -3.383 
 
711.0 32.2 7.054 0.319 
 
251.0 -332.0 2.490 -3.294 
 
721.0 33.8 7.153 0.335 
 
241.0 -323.0 2.391 -3.204 
 
731.0 35.6 7.252 0.353 
 
231.0 -309.0 2.292 -3.065 
 
741.0 37.0 7.351 0.367 
 
221.0 -289.0 2.192 -2.867 
 
751.0 37.6 7.450 0.373 
 
211.0 -288.0 2.093 -2.857 
 
761.0 34.3 7.550 0.340 
 
201.0 -288.0 1.994 -2.857 
 
771.0 31.4 7.649 0.312 
 
191.0 -286.0 1.895 -2.837 
      
181.0 -285.0 1.796 -2.827 
      
171.0 -282.0 1.696 -2.798 
      
161.0 -279.0 1.597 -2.768 
      
151.0 -275.0 1.498 -2.728 
      
141.0 -271.0 1.399 -2.688 
      
131.0 -269.0 1.300 -2.669 
      
121.0 -266.0 1.200 -2.639 
      
111.0 -265.0 1.101 -2.629 
      
101.0 -265.0 1.002 -2.629 
      
91.0 -264.0 0.903 -2.619 
      
81.0 -264.0 0.804 -2.619 
      
71.0 -264.0 0.704 -2.619 
      
61.0 -262.0 0.605 -2.599 
      
51.0 -261.0 0.506 -2.589 
      
41.0 -259.0 0.407 -2.569 
      
31.0 -257.0 0.308 -2.550 
      
41.0 -254.0 0.407 -2.520 
      
51.0 -254.0 0.506 -2.520 
      
61.0 -254.0 0.605 -2.520 
      
71.0 -254.0 0.704 -2.520 
      
81.0 -254.0 0.804 -2.520 
      
91.0 -253.0 0.903 -2.510 
      
101.0 -253.0 1.002 -2.510 
      
111.0 -253.0 1.101 -2.510 
      
121.0 -253.0 1.200 -2.510 
      
131.0 -252.0 1.300 -2.500 
      
141.0 -250.0 1.399 -2.480 
      
151.0 -245.0 1.498 -2.431 
      
161.0 -239.0 1.597 -2.371 
      
171.0 -229.0 1.696 -2.272 
      
181.0 -220.0 1.796 -2.183 
      
191.0 -208.0 1.895 -2.063 
      
201.0 -200.0 1.994 -1.984 
      
211.0 -194.0 2.093 -1.925 
      
221.0 -192.0 2.192 -1.905 
      
231.0 -189.0 2.292 -1.875 
      
241.0 -186.0 2.391 -1.845 
      
251.0 -183.0 2.490 -1.815 
      
261.0 -178.0 2.589 -1.766 
      
271.0 -175.0 2.688 -1.736 
      
281.0 -168.0 2.788 -1.667 
      
291.0 -163.0 2.887 -1.617 
      
301.0 -157.0 2.986 -1.558 
      
311.0 -153.0 3.085 -1.518 
      
321.0 -147.0 3.185 -1.458 
      
331.0 -141.0 3.284 -1.399 
      
341.0 -135.0 3.383 -1.339 
      
351.0 -123.0 3.482 -1.220 
      
356.0 -111.0 3.532 -1.101 
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351.0 -105.0 3.482 -1.042 
      
341.0 -101.0 3.383 -1.002 
      
331.0 -99.0 3.284 -0.982 
      
321.0 -98.0 3.185 -0.972 
      
311.0 -97.0 3.085 -0.962 
      
301.0 -95.0 2.986 -0.942 
      
291.0 -93.0 2.887 -0.923 
      
281.0 -87.0 2.788 -0.863 
      
271.0 -83.0 2.688 -0.823 
      
261.0 -75.0 2.589 -0.744 
      
251.0 -65.0 2.490 -0.645 
      
241.0 -55.0 2.391 -0.546 
      
231.0 -46.0 2.292 -0.456 
      
221.0 -34.0 2.192 -0.337 
      
213.0 -17.0 2.113 -0.169 
      
21.0 -253.0 0.208 -2.510 
      
11.0 -252.0 0.109 -2.500 
      
1.0 -252.0 0.010 -2.500 
      
-9.0 -250.0 -0.089 -2.480 
      
-19.0 -248.0 -0.188 -2.460 
      
-29.0 -247.0 -0.288 -2.450 
      
-39.0 -245.0 -0.387 -2.431 
      
-49.0 -242.0 -0.486 -2.401 
      
-59.0 -240.0 -0.585 -2.381 
      
-69.0 -236.0 -0.685 -2.341 
      
-79.0 -234.0 -0.784 -2.321 
      
-89.0 -229.0 -0.883 -2.272 
      
-99.0 -226.0 -0.982 -2.242 
      
-109.0 -221.0 -1.081 -2.192 
      
-119.0 -214.0 -1.181 -2.123 
      
-129.0 -209.0 -1.280 -2.073 
      
-139.0 -203.0 -1.379 -2.014 
      
-149.0 -197.0 -1.478 -1.954 
      
-159.0 -190.0 -1.577 -1.885 
      
-169.0 -182.0 -1.677 -1.806 
      
-179.0 -173.0 -1.776 -1.716 
      
-189.0 -163.0 -1.875 -1.617 
      
-199.0 -153.0 -1.974 -1.518 
      
-209.0 -141.0 -2.073 -1.399 
      
-213.0 -135.0 -2.113 -1.339 
      
-217.5 -125.0 -2.158 -1.240 
      
-223.0 -115.0 -2.212 -1.141 
      
-229.0 -105.0 -2.272 -1.042 
      
-234.0 -95.0 -2.321 -0.942 
      
-237.0 -85.0 -2.351 -0.843 
      
-241.0 -75.0 -2.391 -0.744 
      
-244.0 -65.0 -2.421 -0.645 
      
-247.5 -55.0 -2.455 -0.546 
      
-249.5 -45.0 -2.475 -0.446 
      
-250.0 -35.0 -2.480 -0.347 
      
-251.5 -25.0 -2.495 -0.248 
      
-253.0 -15.0 -2.510 -0.149 
      
-254.0 -5.0 -2.520 -0.050 
      
-254.0 0.0 -2.520 0.000 
      
203.0 0.0 2.014 0.000 
      
421.0 -433.0 4.177 -4.296 
      
431.0 -455.0 4.276 -4.514 
      
441.0 -468.0 4.375 -4.643 
      
451.0 -479.0 4.474 -4.752 
      
461.0 -486.0 4.573 -4.821 
      
471.0 -496.0 4.673 -4.921 
 
Experiment No. E10 
  
D/B = 8.3% 
   Pier Diameter D (mm) 79.375 
  
D/d50 = 156 
   Channel Width B (mm) 952.5 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       
 110 
 
Blockage Ratio D/B 0.083 
       Relative Coarseness D/d50 155.6 
       Aspect Ratio H/B 0.126 
       Flow Field Scale H/D 1.512 
       Scour Depth ds 93.7 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-219.0 -1.6 -2.759 -0.020 
 
-210.5 0.0 -2.652 0.000 
 
-214.0 -2.4 -2.696 -0.030 
 
-210.5 3.0 -2.652 0.038 
 
-209.0 -3.0 -2.633 -0.038 
 
-210.5 13.0 -2.652 0.164 
 
-204.0 -5.4 -2.570 -0.068 
 
-210.5 23.0 -2.652 0.290 
 
-199.0 -8.6 -2.507 -0.108 
 
-209.5 33.0 -2.639 0.416 
 
-194.0 -12.0 -2.444 -0.151 
 
-209.5 43.0 -2.639 0.542 
 
-189.0 -14.6 -2.381 -0.184 
 
-208.5 53.0 -2.627 0.668 
 
-184.0 -17.0 -2.318 -0.214 
 
-205.5 63.0 -2.589 0.794 
 
-179.0 -19.6 -2.255 -0.247 
 
-201.5 73.0 -2.539 0.920 
 
-174.0 -22.8 -2.192 -0.287 
 
-196.5 83.0 -2.476 1.046 
 
-169.0 -26.1 -2.129 -0.329 
 
-191.0 93.0 -2.406 1.172 
 
-164.0 -29.6 -2.066 -0.373 
 
-184.0 103.0 -2.318 1.298 
 
-159.0 -31.7 -2.003 -0.399 
 
-177.0 113.0 -2.230 1.424 
 
-154.0 -35.1 -1.940 -0.442 
 
-171.0 123.0 -2.154 1.550 
 
-149.0 -39.5 -1.877 -0.498 
 
-165.0 133.0 -2.079 1.676 
 
-144.0 -42.2 -1.814 -0.532 
 
-154.5 143.0 -1.946 1.802 
 
-139.0 -44.1 -1.751 -0.556 
 
-145.0 153.0 -1.827 1.928 
 
-134.0 -46.1 -1.688 -0.581 
 
-139.0 158.0 -1.751 1.991 
 
-129.0 -49.8 -1.625 -0.627 
 
-129.0 166.0 -1.625 2.091 
 
-124.0 -52.0 -1.562 -0.655 
 
-119.0 173.0 -1.499 2.180 
 
-119.0 -55.1 -1.499 -0.694 
 
-109.0 180.0 -1.373 2.268 
 
-114.0 -56.9 -1.436 -0.717 
 
-99.0 185.0 -1.247 2.331 
 
-109.0 -60.2 -1.373 -0.758 
 
-89.0 191.0 -1.121 2.406 
 
-104.0 -64.2 -1.310 -0.809 
 
-79.0 195.0 -0.995 2.457 
 
-99.0 -67.3 -1.247 -0.848 
 
-69.0 198.0 -0.869 2.494 
 
-94.0 -70.4 -1.184 -0.887 
 
-59.0 203.0 -0.743 2.557 
 
-89.0 -73.0 -1.121 -0.920 
 
-49.0 206.0 -0.617 2.595 
 
-84.0 -76.3 -1.058 -0.961 
 
-39.0 211.0 -0.491 2.658 
 
-79.0 -79.9 -0.995 -1.007 
 
-29.0 214.0 -0.365 2.696 
 
-74.0 -82.7 -0.932 -1.042 
 
-19.0 217.0 -0.239 2.734 
 
-69.0 -85.9 -0.869 -1.082 
 
-9.0 220.0 -0.113 2.772 
 
-64.0 -89.8 -0.806 -1.131 
 
1.0 222.0 0.013 2.797 
 
-59.0 -93.7 -0.743 -1.180 
 
11.0 224.0 0.139 2.822 
 
-54.0 -93.5 -0.680 -1.178 
 
21.0 225.0 0.265 2.835 
 
-49.0 -91.5 -0.617 -1.153 
 
31.0 227.0 0.391 2.860 
 
-44.0 -92.0 -0.554 -1.159 
 
41.0 228.0 0.517 2.872 
 
44.0 -63.3 0.554 -0.797 
 
51.0 229.0 0.643 2.885 
 
46.0 -64.2 0.580 -0.809 
 
61.0 233.0 0.769 2.935 
 
51.0 -65.7 0.643 -0.828 
 
71.0 235.0 0.894 2.961 
 
56.0 -66.1 0.706 -0.833 
 
81.0 238.0 1.020 2.998 
 
61.0 -66.8 0.769 -0.842 
 
91.0 242.0 1.146 3.049 
 
66.0 -65.2 0.831 -0.821 
 
101.0 244.0 1.272 3.074 
 
71.0 -64.0 0.894 -0.806 
 
111.0 245.0 1.398 3.087 
 
76.0 -62.7 0.957 -0.790 
 
121.0 247.0 1.524 3.112 
 
81.0 -60.4 1.020 -0.761 
 
131.0 249.0 1.650 3.137 
 
86.0 -58.4 1.083 -0.736 
 
141.0 250.0 1.776 3.150 
 
91.0 -54.6 1.146 -0.688 
 
151.0 251.0 1.902 3.162 
 
96.0 -52.2 1.209 -0.658 
 
161.0 252.0 2.028 3.175 
 
101.0 -48.4 1.272 -0.610 
 
171.0 253.0 2.154 3.187 
 
106.0 -45.7 1.335 -0.576 
 
181.0 254.0 2.280 3.200 
 
111.0 -41.9 1.398 -0.528 
 
191.0 255.0 2.406 3.213 
 
116.0 -37.7 1.461 -0.475 
 
201.0 256.0 2.532 3.225 
 
121.0 -35.7 1.524 -0.450 
 
211.0 258.0 2.658 3.250 
 
126.0 -31.5 1.587 -0.397 
 
221.0 263.0 2.784 3.313 
 
131.0 -28.6 1.650 -0.360 
 
231.0 266.0 2.910 3.351 
 
136.0 -25.6 1.713 -0.323 
 
241.0 271.0 3.036 3.414 
 
141.0 -22.0 1.776 -0.277 
 
251.0 277.0 3.162 3.490 
 
146.0 -19.5 1.839 -0.246 
 
261.0 289.0 3.288 3.641 
 
151.0 -16.6 1.902 -0.209 
 
271.0 309.0 3.414 3.893 
 
156.0 -13.0 1.965 -0.164 
 
281.0 322.0 3.540 4.057 
 
161.0 -11.5 2.028 -0.145 
 
291.0 332.0 3.666 4.183 
 
166.0 -8.1 2.091 -0.102 
 
301.0 341.0 3.792 4.296 
 
171.0 -5.4 2.154 -0.068 
 
311.0 349.0 3.918 4.397 
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176.0 -2.9 2.217 -0.037 
 
321.0 355.0 4.044 4.472 
 
181.0 0.0 2.280 0.000 
 
331.0 364.0 4.170 4.586 
 
186.0 2.6 2.343 0.033 
 
341.0 370.0 4.296 4.661 
 
191.0 4.7 2.406 0.059 
 
351.0 374.0 4.422 4.712 
 
196.0 7.2 2.469 0.091 
 
361.0 378.0 4.548 4.762 
 
201.0 10.0 2.532 0.126 
 
371.0 382.0 4.674 4.813 
 
206.0 11.7 2.595 0.147 
 
69.0 228.0 0.869 2.872 
 
211.0 14.2 2.658 0.179 
 
71.0 226.5 0.894 2.854 
 
216.0 16.8 2.721 0.212 
 
81.0 224.0 1.020 2.822 
 
221.0 18.8 2.784 0.237 
 
91.0 222.0 1.146 2.797 
 
226.0 20.7 2.847 0.261 
 
101.0 221.0 1.272 2.784 
 
231.0 22.6 2.910 0.285 
 
111.0 219.0 1.398 2.759 
 
236.0 24.6 2.973 0.310 
 
121.0 217.0 1.524 2.734 
 
241.0 26.4 3.036 0.333 
 
131.0 215.0 1.650 2.709 
 
246.0 28.3 3.099 0.357 
 
141.0 210.0 1.776 2.646 
 
251.0 30.2 3.162 0.380 
 
151.0 199.0 1.902 2.507 
 
256.0 30.8 3.225 0.388 
 
161.0 185.0 2.028 2.331 
 
261.0 32.7 3.288 0.412 
 
171.0 179.0 2.154 2.255 
 
266.0 33.8 3.351 0.426 
 
181.0 177.0 2.280 2.230 
 
271.0 34.4 3.414 0.433 
 
191.0 173.0 2.406 2.180 
 
276.0 35.5 3.477 0.447 
 
201.0 171.0 2.532 2.154 
 
281.0 36.8 3.540 0.464 
 
211.0 169.0 2.658 2.129 
 
286.0 36.7 3.603 0.462 
 
221.0 167.0 2.784 2.104 
 
291.0 37.7 3.666 0.475 
 
231.0 163.0 2.910 2.054 
 
296.0 37.9 3.729 0.477 
 
241.0 159.0 3.036 2.003 
 
301.0 35.7 3.792 0.450 
 
251.0 155.0 3.162 1.953 
 
306.0 31.6 3.855 0.398 
 
261.0 151.0 3.288 1.902 
 
311.0 28.3 3.918 0.357 
 
271.0 149.0 3.414 1.877 
 
316.0 27.0 3.981 0.340 
 
281.0 146.0 3.540 1.839 
 
321.0 26.1 4.044 0.329 
 
291.0 144.0 3.666 1.814 
 
326.0 23.6 4.107 0.297 
 
301.0 148.0 3.792 1.865 
 
331.0 22.2 4.170 0.280 
 
311.0 161.0 3.918 2.028 
 
336.0 18.9 4.233 0.238 
 
321.0 163.0 4.044 2.054 
 
341.0 16.4 4.296 0.207 
 
331.0 165.0 4.170 2.079 
 
346.0 14.8 4.359 0.186 
 
341.0 162.0 4.296 2.041 
 
351.0 13.2 4.422 0.166 
 
351.0 151.0 4.422 1.902 
 
356.0 12.7 4.485 0.160 
 
354.0 139.0 4.460 1.751 
 
361.0 12.7 4.548 0.160 
 
351.0 119.0 4.422 1.499 
 
366.0 13.0 4.611 0.164 
 
341.0 72.0 4.296 0.907 
 
371.0 12.9 4.674 0.163 
 
331.0 69.0 4.170 0.869 
 
381.0 15.4 4.800 0.194 
 
321.0 71.0 4.044 0.894 
 
391.0 16.4 4.926 0.207 
 
311.0 72.0 3.918 0.907 
 
401.0 19.2 5.052 0.242 
 
301.0 73.0 3.792 0.920 
 
411.0 21.1 5.178 0.266 
 
291.0 77.0 3.666 0.970 
 
421.0 22.0 5.304 0.277 
 
281.0 79.0 3.540 0.995 
 
431.0 23.4 5.430 0.295 
 
271.0 77.0 3.414 0.970 
 
441.0 25.1 5.556 0.316 
 
261.0 75.0 3.288 0.945 
 
451.0 24.5 5.682 0.309 
 
251.0 71.0 3.162 0.894 
 
461.0 23.3 5.808 0.294 
 
241.0 64.0 3.036 0.806 
 
471.0 22.3 5.934 0.281 
 
231.0 62.0 2.910 0.781 
 
481.0 21.5 6.060 0.271 
 
221.0 58.0 2.784 0.731 
 
491.0 20.4 6.186 0.257 
 
211.0 51.0 2.658 0.643 
 
501.0 19.9 6.312 0.251 
 
201.0 43.0 2.532 0.542 
 
511.0 20.0 6.438 0.252 
 
191.0 38.0 2.406 0.479 
 
521.0 20.2 6.564 0.254 
 
186.0 29.0 2.343 0.365 
 
531.0 20.5 6.690 0.258 
 
181.0 0.0 2.280 0.000 
 
541.0 21.9 6.816 0.276 
 
381.0 384.0 4.800 4.838 
 
551.0 18.6 6.942 0.234 
 
391.0 389.0 4.926 4.901 
 
561.0 19.2 7.068 0.242 
 
401.0 395.0 5.052 4.976 
 
571.0 19.2 7.194 0.242 
 
411.0 399.0 5.178 5.027 
 
581.0 22.3 7.320 0.281 
 
421.0 415.0 5.304 5.228 
 
591.0 27.2 7.446 0.343 
 
431.0 432.0 5.430 5.443 
 
601.0 31.1 7.572 0.392 
 
441.0 443.0 5.556 5.581 
 
611.0 33.9 7.698 0.427 
 
451.0 455.0 5.682 5.732 
 
621.0 37.1 7.824 0.467 
 
461.0 465.0 5.808 5.858 
 
631.0 39.3 7.950 0.495 
 
471.0 473.0 5.934 5.959 
 
641.0 41.4 8.076 0.522 
 
-210.5 0.0 -2.652 0.000 
 
651.0 42.9 8.202 0.540 
 
-210.5 -3.0 -2.652 -0.038 
 
661.0 44.2 8.328 0.557 
 
-210.5 -13.0 -2.652 -0.164 
 
671.0 45.1 8.454 0.568 
 
-210.5 -23.0 -2.652 -0.290 
 
681.0 45.0 8.580 0.567 
 
-209.5 -33.0 -2.639 -0.416 
 
691.0 37.2 8.706 0.469 
 
-209.5 -43.0 -2.639 -0.542 
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701.0 36.5 8.831 0.460 
 
-208.5 -53.0 -2.627 -0.668 
 
711.0 34.4 8.957 0.433 
 
-205.5 -63.0 -2.589 -0.794 
 
721.0 33.9 9.083 0.427 
 
-201.5 -73.0 -2.539 -0.920 
 
731.0 34.2 9.209 0.431 
 
-196.5 -83.0 -2.476 -1.046 
      
-191.0 -93.0 -2.406 -1.172 
      
-184.0 -103.0 -2.318 -1.298 
      
-177.0 -113.0 -2.230 -1.424 
      
-171.0 -123.0 -2.154 -1.550 
      
-165.0 -133.0 -2.079 -1.676 
      
-154.5 -143.0 -1.946 -1.802 
      
-145.0 -153.0 -1.827 -1.928 
      
-139.0 -158.0 -1.751 -1.991 
      
-129.0 -166.0 -1.625 -2.091 
      
-119.0 -173.0 -1.499 -2.180 
      
-109.0 -180.0 -1.373 -2.268 
      
-99.0 -185.0 -1.247 -2.331 
      
-89.0 -191.0 -1.121 -2.406 
      
-79.0 -195.0 -0.995 -2.457 
      
-69.0 -198.0 -0.869 -2.494 
      
-59.0 -203.0 -0.743 -2.557 
      
-49.0 -206.0 -0.617 -2.595 
      
-39.0 -211.0 -0.491 -2.658 
      
-29.0 -214.0 -0.365 -2.696 
      
-19.0 -217.0 -0.239 -2.734 
      
-9.0 -220.0 -0.113 -2.772 
      
1.0 -222.0 0.013 -2.797 
      
11.0 -224.0 0.139 -2.822 
      
21.0 -225.0 0.265 -2.835 
      
31.0 -227.0 0.391 -2.860 
      
41.0 -228.0 0.517 -2.872 
      
51.0 -229.0 0.643 -2.885 
      
61.0 -233.0 0.769 -2.935 
      
71.0 -235.0 0.894 -2.961 
      
81.0 -238.0 1.020 -2.998 
      
91.0 -242.0 1.146 -3.049 
      
101.0 -244.0 1.272 -3.074 
      
111.0 -245.0 1.398 -3.087 
      
121.0 -247.0 1.524 -3.112 
      
131.0 -249.0 1.650 -3.137 
      
141.0 -250.0 1.776 -3.150 
      
151.0 -251.0 1.902 -3.162 
      
161.0 -252.0 2.028 -3.175 
      
171.0 -253.0 2.154 -3.187 
      
181.0 -254.0 2.280 -3.200 
      
191.0 -255.0 2.406 -3.213 
      
201.0 -256.0 2.532 -3.225 
      
211.0 -258.0 2.658 -3.250 
      
221.0 -263.0 2.784 -3.313 
      
231.0 -266.0 2.910 -3.351 
      
241.0 -271.0 3.036 -3.414 
      
251.0 -277.0 3.162 -3.490 
      
261.0 -289.0 3.288 -3.641 
      
271.0 -309.0 3.414 -3.893 
      
281.0 -322.0 3.540 -4.057 
      
291.0 -332.0 3.666 -4.183 
      
301.0 -341.0 3.792 -4.296 
      
311.0 -349.0 3.918 -4.397 
      
321.0 -355.0 4.044 -4.472 
      
331.0 -364.0 4.170 -4.586 
      
341.0 -370.0 4.296 -4.661 
      
351.0 -374.0 4.422 -4.712 
      
361.0 -378.0 4.548 -4.762 
      
371.0 -382.0 4.674 -4.813 
      
69.0 -228.0 0.869 -2.872 
      
71.0 -226.5 0.894 -2.854 
      
81.0 -224.0 1.020 -2.822 
      
91.0 -222.0 1.146 -2.797 
      
101.0 -221.0 1.272 -2.784 
      
111.0 -219.0 1.398 -2.759 
      
121.0 -217.0 1.524 -2.734 
      
131.0 -215.0 1.650 -2.709 
      
141.0 -210.0 1.776 -2.646 
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151.0 -199.0 1.902 -2.507 
      
161.0 -185.0 2.028 -2.331 
      
171.0 -179.0 2.154 -2.255 
      
181.0 -177.0 2.280 -2.230 
      
191.0 -173.0 2.406 -2.180 
      
201.0 -171.0 2.532 -2.154 
      
211.0 -169.0 2.658 -2.129 
      
221.0 -167.0 2.784 -2.104 
      
231.0 -163.0 2.910 -2.054 
      
241.0 -159.0 3.036 -2.003 
      
251.0 -155.0 3.162 -1.953 
      
261.0 -151.0 3.288 -1.902 
      
271.0 -149.0 3.414 -1.877 
      
281.0 -146.0 3.540 -1.839 
      
291.0 -144.0 3.666 -1.814 
      
301.0 -148.0 3.792 -1.865 
      
311.0 -161.0 3.918 -2.028 
      
321.0 -163.0 4.044 -2.054 
      
331.0 -165.0 4.170 -2.079 
      
341.0 -162.0 4.296 -2.041 
      
351.0 -151.0 4.422 -1.902 
      
354.0 -139.0 4.460 -1.751 
      
351.0 -119.0 4.422 -1.499 
      
341.0 -72.0 4.296 -0.907 
      
331.0 -69.0 4.170 -0.869 
      
321.0 -71.0 4.044 -0.894 
      
311.0 -72.0 3.918 -0.907 
      
301.0 -73.0 3.792 -0.920 
      
291.0 -77.0 3.666 -0.970 
      
281.0 -79.0 3.540 -0.995 
      
271.0 -77.0 3.414 -0.970 
      
261.0 -75.0 3.288 -0.945 
      
251.0 -71.0 3.162 -0.894 
      
241.0 -64.0 3.036 -0.806 
      
231.0 -62.0 2.910 -0.781 
      
221.0 -58.0 2.784 -0.731 
      
211.0 -51.0 2.658 -0.643 
      
201.0 -43.0 2.532 -0.542 
      
191.0 -38.0 2.406 -0.479 
      
186.0 -29.0 2.343 -0.365 
      
181.0 0.0 2.280 0.000 
      
381.0 -384.0 4.800 -4.838 
      
391.0 -389.0 4.926 -4.901 
      
401.0 -395.0 5.052 -4.976 
      
411.0 -399.0 5.178 -5.027 
      
421.0 -415.0 5.304 -5.228 
      
431.0 -432.0 5.430 -5.443 
      
441.0 -443.0 5.556 -5.581 
      
451.0 -455.0 5.682 -5.732 
      
461.0 -465.0 5.808 -5.858 
      
471.0 -473.0 5.934 -5.959 
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Experiment No. E11 
  
D/B = 7.3% 
   Pier Diameter D (mm) 69.85 
  
D/d50 = 137 
   Channel Width B (mm) 952.5 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.073 
       Relative Coarseness D/d50 137.0 
       Aspect Ratio H/B 0.126 
       Flow Field Scale H/D 1.718 
       Scour Depth ds 93.2 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-223.0 -0.8 -3.193 -0.011 
 
-215.0 0.0 -3.078 0.000 
 
-218.0 -0.8 -3.121 -0.011 
 
-215.0 11.0 -3.078 0.157 
 
-213.0 -1.5 -3.049 -0.021 
 
-215.0 21.0 -3.078 0.301 
 
-208.0 -3.2 -2.978 -0.045 
 
-212.5 31.0 -3.042 0.444 
 
-203.0 -6.1 -2.906 -0.087 
 
-211.0 41.0 -3.021 0.587 
 
-198.0 -8.6 -2.835 -0.123 
 
-208.5 51.0 -2.985 0.730 
 
-193.0 -10.7 -2.763 -0.153 
 
-207.0 61.0 -2.963 0.873 
 
-188.0 -13.7 -2.691 -0.196 
 
-204.5 71.0 -2.928 1.016 
 
-183.0 -16.5 -2.620 -0.236 
 
-198.5 81.0 -2.842 1.160 
 
-178.0 -19.0 -2.548 -0.272 
 
-195.5 91.0 -2.799 1.303 
 
-173.0 -22.1 -2.477 -0.316 
 
-190.0 101.0 -2.720 1.446 
 
-168.0 -24.6 -2.405 -0.352 
 
-182.5 111.0 -2.613 1.589 
 
-163.0 -27.6 -2.334 -0.395 
 
-177.0 121.0 -2.534 1.732 
 
-158.0 -29.7 -2.262 -0.425 
 
-168.0 131.0 -2.405 1.875 
 
-153.0 -32.2 -2.190 -0.461 
 
-161.0 141.0 -2.305 2.019 
 
-148.0 -34.0 -2.119 -0.486 
 
-151.0 151.0 -2.162 2.162 
 
-143.0 -38.0 -2.047 -0.544 
 
-143.0 159.0 -2.047 2.276 
 
-138.0 -39.9 -1.976 -0.571 
 
-133.0 166.0 -1.904 2.377 
 
-133.0 -43.3 -1.904 -0.619 
 
-123.0 173.0 -1.761 2.477 
 
-128.0 -45.5 -1.832 -0.651 
 
-113.0 181.0 -1.618 2.591 
 
-123.0 -48.9 -1.761 -0.700 
 
-103.0 188.0 -1.475 2.691 
 
-118.0 -51.6 -1.689 -0.738 
 
-93.0 193.0 -1.331 2.763 
 
-113.0 -54.9 -1.618 -0.785 
 
-83.0 197.0 -1.188 2.820 
 
-108.0 -57.0 -1.546 -0.816 
 
-73.0 201.0 -1.045 2.878 
 
-103.0 -58.8 -1.475 -0.841 
 
-63.0 206.0 -0.902 2.949 
 
-98.0 -62.4 -1.403 -0.893 
 
-53.0 209.0 -0.759 2.992 
 
-93.0 -66.1 -1.331 -0.946 
 
-43.0 212.0 -0.616 3.035 
 
-88.0 -69.8 -1.260 -0.999 
 
-33.0 213.0 -0.472 3.049 
 
-83.0 -72.1 -1.188 -1.032 
 
-23.0 214.0 -0.329 3.064 
 
-78.0 -74.7 -1.117 -1.069 
 
-13.0 217.0 -0.186 3.107 
 
-73.0 -78.2 -1.045 -1.119 
 
-3.0 218.0 -0.043 3.121 
 
-68.0 -80.6 -0.974 -1.153 
 
7.0 218.0 0.100 3.121 
 
-63.0 -84.5 -0.902 -1.209 
 
17.0 218.0 0.243 3.121 
 
-58.0 -88.1 -0.830 -1.261 
 
27.0 218.0 0.387 3.121 
 
-53.0 -91.8 -0.759 -1.314 
 
37.0 219.0 0.530 3.135 
 
-48.0 -93.2 -0.687 -1.334 
 
47.0 220.0 0.673 3.150 
 
-43.0 -92.0 -0.616 -1.317 
 
57.0 222.0 0.816 3.178 
 
-39.0 -92.4 -0.558 -1.322 
 
67.0 225.0 0.959 3.221 
 
39.0 -61.3 0.558 -0.877 
 
77.0 227.0 1.102 3.250 
 
42.0 -61.9 0.601 -0.886 
 
87.0 229.0 1.246 3.278 
 
47.0 -63.9 0.673 -0.914 
 
97.0 231.0 1.389 3.307 
 
52.0 -63.6 0.744 -0.910 
 
107.0 232.0 1.532 3.321 
 
57.0 -63.6 0.816 -0.910 
 
117.0 232.0 1.675 3.321 
 
62.0 -62.6 0.888 -0.896 
 
127.0 234.0 1.818 3.350 
 
67.0 -60.7 0.959 -0.869 
 
137.0 235.0 1.961 3.364 
 
72.0 -58.1 1.031 -0.831 
 
147.0 235.0 2.105 3.364 
 
77.0 -55.3 1.102 -0.791 
 
157.0 237.0 2.248 3.393 
 
82.0 -52.3 1.174 -0.748 
 
167.0 238.0 2.391 3.407 
 
87.0 -49.0 1.246 -0.701 
 
177.0 238.0 2.534 3.407 
 
92.0 -46.2 1.317 -0.661 
 
187.0 240.0 2.677 3.436 
 
97.0 -42.9 1.389 -0.614 
 
197.0 241.0 2.820 3.450 
 
102.0 -39.6 1.460 -0.566 
 
207.0 241.0 2.963 3.450 
 
107.0 -35.7 1.532 -0.511 
 
217.0 241.0 3.107 3.450 
 
112.0 -32.3 1.603 -0.462 
 
227.0 242.0 3.250 3.465 
 
117.0 -28.8 1.675 -0.412 
 
237.0 242.0 3.393 3.465 
 
122.0 -25.5 1.747 -0.365 
 
247.0 245.0 3.536 3.508 
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127.0 -22.5 1.818 -0.322 
 
257.0 250.0 3.679 3.579 
 
132.0 -20.0 1.890 -0.286 
 
267.0 254.0 3.822 3.636 
 
137.0 -17.0 1.961 -0.243 
 
277.0 258.0 3.966 3.694 
 
142.0 -14.3 2.033 -0.204 
 
287.0 258.0 4.109 3.694 
 
147.0 -11.5 2.105 -0.164 
 
297.0 258.0 4.252 3.694 
 
152.0 -8.4 2.176 -0.120 
 
307.0 258.0 4.395 3.694 
 
157.0 -6.1 2.248 -0.087 
 
317.0 263.0 4.538 3.765 
 
162.0 -2.8 2.319 -0.040 
 
327.0 295.0 4.681 4.223 
 
167.0 -0.7 2.391 -0.010 
 
337.0 309.0 4.825 4.424 
 
172.0 1.1 2.462 0.016 
 
347.0 319.0 4.968 4.567 
 
177.0 3.3 2.534 0.048 
 
357.0 328.0 5.111 4.696 
 
182.0 6.5 2.606 0.094 
 
367.0 335.0 5.254 4.796 
 
187.0 8.4 2.677 0.121 
 
377.0 342.0 5.397 4.896 
 
192.0 10.6 2.749 0.152 
 
77.0 218.0 1.102 3.121 
 
197.0 13.0 2.820 0.187 
 
87.0 218.0 1.246 3.121 
 
202.0 14.2 2.892 0.204 
 
97.0 219.0 1.389 3.135 
 
207.0 16.5 2.963 0.237 
 
107.0 219.0 1.532 3.135 
 
212.0 18.2 3.035 0.261 
 
117.0 218.0 1.675 3.121 
 
217.0 20.5 3.107 0.294 
 
127.0 215.0 1.818 3.078 
 
222.0 21.6 3.178 0.310 
 
137.0 211.5 1.961 3.028 
 
227.0 23.1 3.250 0.331 
 
147.0 207.0 2.105 2.963 
 
232.0 24.4 3.321 0.350 
 
157.0 199.0 2.248 2.849 
 
237.0 25.4 3.393 0.364 
 
167.0 185.0 2.391 2.649 
 
242.0 27.2 3.465 0.390 
 
177.0 163.0 2.534 2.334 
 
247.0 29.5 3.536 0.423 
 
187.0 153.0 2.677 2.190 
 
252.0 31.2 3.608 0.447 
 
197.0 143.0 2.820 2.047 
 
257.0 32.4 3.679 0.464 
 
207.0 140.0 2.963 2.004 
 
262.0 33.5 3.751 0.480 
 
217.0 136.0 3.107 1.947 
 
267.0 34.8 3.822 0.499 
 
227.0 129.5 3.250 1.854 
 
272.0 36.8 3.894 0.527 
 
235.0 115.0 3.364 1.646 
 
277.0 38.1 3.966 0.546 
 
227.0 86.0 3.250 1.231 
 
282.0 38.5 4.037 0.552 
 
217.0 68.0 3.107 0.974 
 
287.0 39.3 4.109 0.563 
 
207.0 61.0 2.963 0.873 
 
292.0 40.9 4.180 0.586 
 
197.0 52.0 2.820 0.744 
 
297.0 40.6 4.252 0.582 
 
187.0 41.0 2.677 0.587 
 
302.0 39.6 4.324 0.567 
 
177.0 29.5 2.534 0.422 
 
307.0 37.8 4.395 0.542 
 
169.0 0.0 2.419 0.000 
 
312.0 36.8 4.467 0.527 
 
387.0 346.0 5.540 4.953 
 
317.0 37.5 4.538 0.537 
 
397.0 351.0 5.684 5.025 
 
322.0 37.1 4.610 0.532 
 
407.0 352.0 5.827 5.039 
 
327.0 35.5 4.681 0.509 
 
417.0 357.0 5.970 5.111 
 
332.0 35.1 4.753 0.503 
 
427.0 360.0 6.113 5.154 
 
337.0 34.4 4.825 0.493 
 
437.0 363.0 6.256 5.197 
 
342.0 34.6 4.896 0.496 
 
447.0 375.0 6.399 5.369 
 
347.0 34.2 4.968 0.490 
 
457.0 385.0 6.543 5.512 
 
352.0 33.6 5.039 0.482 
 
467.0 396.0 6.686 5.669 
 
357.0 31.4 5.111 0.450 
 
477.0 405.0 6.829 5.798 
 
362.0 28.0 5.183 0.401 
 
487.0 410.0 6.972 5.870 
 
367.0 25.3 5.254 0.363 
 
497.0 415.0 7.115 5.941 
 
372.0 22.5 5.326 0.323 
 
507.0 420.0 7.258 6.013 
 
377.0 20.7 5.397 0.297 
 
517.0 422.0 7.402 6.042 
 
387.0 19.7 5.540 0.283 
 
527.0 423.0 7.545 6.056 
 
397.0 17.7 5.684 0.254 
 
537.0 424.0 7.688 6.070 
 
407.0 16.8 5.827 0.241 
 
547.0 425.0 7.831 6.084 
 
417.0 15.4 5.970 0.221 
 
557.0 436.0 7.974 6.242 
 
427.0 16.5 6.113 0.237 
 
567.0 448.0 8.117 6.414 
 
437.0 16.1 6.256 0.231 
 
577.0 460.0 8.261 6.586 
 
447.0 17.1 6.399 0.245 
 
587.0 466.0 8.404 6.671 
 
457.0 19.1 6.543 0.274 
 
597.0 471.0 8.547 6.743 
 
467.0 21.2 6.686 0.304 
 
-215.0 0.0 -3.078 0.000 
 
477.0 22.5 6.829 0.323 
 
-215.0 -11.0 -3.078 -0.157 
 
487.0 24.1 6.972 0.346 
 
-215.0 -21.0 -3.078 -0.301 
 
497.0 25.4 7.115 0.364 
 
-212.5 -31.0 -3.042 -0.444 
 
507.0 26.2 7.258 0.376 
 
-211.0 -41.0 -3.021 -0.587 
 
517.0 28.0 7.402 0.401 
 
-208.5 -51.0 -2.985 -0.730 
 
527.0 29.1 7.545 0.417 
 
-207.0 -61.0 -2.963 -0.873 
 
537.0 29.4 7.688 0.421 
 
-204.5 -71.0 -2.928 -1.016 
 
547.0 30.1 7.831 0.431 
 
-198.5 -81.0 -2.842 -1.160 
 
557.0 30.2 7.974 0.433 
 
-195.5 -91.0 -2.799 -1.303 
 
567.0 30.9 8.117 0.443 
 
-190.0 -101.0 -2.720 -1.446 
 
577.0 33.5 8.261 0.480 
 
-182.5 -111.0 -2.613 -1.589 
 
587.0 35.2 8.404 0.504 
 
-177.0 -121.0 -2.534 -1.732 
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597.0 36.3 8.547 0.520 
 
-168.0 -131.0 -2.405 -1.875 
 
607.0 37.2 8.690 0.533 
 
-161.0 -141.0 -2.305 -2.019 
 
617.0 32.0 8.833 0.459 
 
-151.0 -151.0 -2.162 -2.162 
 
627.0 26.1 8.976 0.374 
 
-143.0 -159.0 -2.047 -2.276 
 
637.0 26.2 9.120 0.376 
 
-133.0 -166.0 -1.904 -2.377 
 
647.0 24.8 9.263 0.356 
 
-123.0 -173.0 -1.761 -2.477 
 
657.0 25.3 9.406 0.363 
 
-113.0 -181.0 -1.618 -2.591 
 
667.0 25.9 9.549 0.371 
 
-103.0 -188.0 -1.475 -2.691 
 
677.0 28.3 9.692 0.406 
 
-93.0 -193.0 -1.331 -2.763 
 
687.0 30.9 9.835 0.443 
 
-83.0 -197.0 -1.188 -2.820 
 
697.0 32.9 9.979 0.471 
 
-73.0 -201.0 -1.045 -2.878 
 
707.0 36.7 10.122 0.526 
 
-63.0 -206.0 -0.902 -2.949 
 
717.0 38.4 10.265 0.550 
 
-53.0 -209.0 -0.759 -2.992 
 
727.0 40.7 10.408 0.583 
 
-43.0 -212.0 -0.616 -3.035 
 
737.0 42.2 10.551 0.605 
 
-33.0 -213.0 -0.472 -3.049 
      
-23.0 -214.0 -0.329 -3.064 
      
-13.0 -217.0 -0.186 -3.107 
      
-3.0 -218.0 -0.043 -3.121 
      
7.0 -218.0 0.100 -3.121 
      
17.0 -218.0 0.243 -3.121 
      
27.0 -218.0 0.387 -3.121 
      
37.0 -219.0 0.530 -3.135 
      
47.0 -220.0 0.673 -3.150 
      
57.0 -222.0 0.816 -3.178 
      
67.0 -225.0 0.959 -3.221 
      
77.0 -227.0 1.102 -3.250 
      
87.0 -229.0 1.246 -3.278 
      
97.0 -231.0 1.389 -3.307 
      
107.0 -232.0 1.532 -3.321 
      
117.0 -232.0 1.675 -3.321 
      
127.0 -234.0 1.818 -3.350 
      
137.0 -235.0 1.961 -3.364 
      
147.0 -235.0 2.105 -3.364 
      
157.0 -237.0 2.248 -3.393 
      
167.0 -238.0 2.391 -3.407 
      
177.0 -238.0 2.534 -3.407 
      
187.0 -240.0 2.677 -3.436 
      
197.0 -241.0 2.820 -3.450 
      
207.0 -241.0 2.963 -3.450 
      
217.0 -241.0 3.107 -3.450 
      
227.0 -242.0 3.250 -3.465 
      
237.0 -242.0 3.393 -3.465 
      
247.0 -245.0 3.536 -3.508 
      
257.0 -250.0 3.679 -3.579 
      
267.0 -254.0 3.822 -3.636 
      
277.0 -258.0 3.966 -3.694 
      
287.0 -258.0 4.109 -3.694 
      
297.0 -258.0 4.252 -3.694 
      
307.0 -258.0 4.395 -3.694 
      
317.0 -263.0 4.538 -3.765 
      
327.0 -295.0 4.681 -4.223 
      
337.0 -309.0 4.825 -4.424 
      
347.0 -319.0 4.968 -4.567 
      
357.0 -328.0 5.111 -4.696 
      
367.0 -335.0 5.254 -4.796 
      
377.0 -342.0 5.397 -4.896 
      
77.0 -218.0 1.102 -3.121 
      
87.0 -218.0 1.246 -3.121 
      
97.0 -219.0 1.389 -3.135 
      
107.0 -219.0 1.532 -3.135 
      
117.0 -218.0 1.675 -3.121 
      
127.0 -215.0 1.818 -3.078 
      
137.0 -211.5 1.961 -3.028 
      
147.0 -207.0 2.105 -2.963 
      
157.0 -199.0 2.248 -2.849 
      
167.0 -185.0 2.391 -2.649 
      
177.0 -163.0 2.534 -2.334 
      
187.0 -153.0 2.677 -2.190 
      
197.0 -143.0 2.820 -2.047 
      
207.0 -140.0 2.963 -2.004 
      
217.0 -136.0 3.107 -1.947 
      
227.0 -129.5 3.250 -1.854 
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235.0 -115.0 3.364 -1.646 
      
227.0 -86.0 3.250 -1.231 
      
217.0 -68.0 3.107 -0.974 
      
207.0 -61.0 2.963 -0.873 
      
197.0 -52.0 2.820 -0.744 
      
187.0 -41.0 2.677 -0.587 
      
177.0 -29.5 2.534 -0.422 
      
169.0 0.0 2.419 0.000 
      
387.0 -346.0 5.540 -4.953 
      
397.0 -351.0 5.684 -5.025 
      
407.0 -352.0 5.827 -5.039 
      
417.0 -357.0 5.970 -5.111 
      
427.0 -360.0 6.113 -5.154 
      
437.0 -363.0 6.256 -5.197 
      
447.0 -375.0 6.399 -5.369 
      
457.0 -385.0 6.543 -5.512 
      
467.0 -396.0 6.686 -5.669 
      
477.0 -405.0 6.829 -5.798 
      
487.0 -410.0 6.972 -5.870 
      
497.0 -415.0 7.115 -5.941 
      
507.0 -420.0 7.258 -6.013 
      
517.0 -422.0 7.402 -6.042 
      
527.0 -423.0 7.545 -6.056 
      
537.0 -424.0 7.688 -6.070 
      
547.0 -425.0 7.831 -6.084 
      
557.0 -436.0 7.974 -6.242 
      
567.0 -448.0 8.117 -6.414 
      
577.0 -460.0 8.261 -6.586 
      
587.0 -466.0 8.404 -6.671 
      
597.0 -471.0 8.547 -6.743 
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Experiment No. E12 
  
D/B = 9.9% 
   Pier Diameter D (mm) 88.9 
  
D/d50 = 174 
   Channel Width B (mm) 901.7 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.099 
       Relative Coarseness D/d50 174.3 
       Aspect Ratio H/B 0.133 
       Flow Field Scale H/D 1.350 
       Scour Depth ds 86.6 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-209.0 0.7 -2.351 0.008 
 
-199.0 0.0 -2.238 0.000 
 
-204.0 0.8 -2.295 0.009 
 
-199.0 8.0 -2.238 0.090 
 
-199.0 0.3 -2.238 0.003 
 
-199.0 18.0 -2.238 0.202 
 
-194.0 -0.9 -2.182 -0.010 
 
-198.0 28.0 -2.227 0.315 
 
-189.0 -4.1 -2.126 -0.046 
 
-195.5 38.0 -2.199 0.427 
 
-184.0 -6.9 -2.070 -0.078 
 
-192.0 48.0 -2.160 0.540 
 
-179.0 -11.0 -2.013 -0.124 
 
-188.5 58.0 -2.120 0.652 
 
-174.0 -14.4 -1.957 -0.162 
 
-186.0 68.0 -2.092 0.765 
 
-169.0 -16.7 -1.901 -0.188 
 
-180.0 78.0 -2.025 0.877 
 
-164.0 -19.5 -1.845 -0.219 
 
-176.0 88.0 -1.980 0.990 
 
-159.0 -22.6 -1.789 -0.254 
 
-170.5 98.0 -1.918 1.102 
 
-154.0 -25.6 -1.732 -0.288 
 
-164.5 108.0 -1.850 1.215 
 
-149.0 -27.8 -1.676 -0.313 
 
-158.0 118.0 -1.777 1.327 
 
-144.0 -32.4 -1.620 -0.364 
 
-150.0 128.0 -1.687 1.440 
 
-139.0 -33.9 -1.564 -0.381 
 
-142.0 138.0 -1.597 1.552 
 
-134.0 -36.3 -1.507 -0.408 
 
-133.0 148.0 -1.496 1.665 
 
-129.0 -39.8 -1.451 -0.448 
 
-119.0 158.0 -1.339 1.777 
 
-124.0 -42.1 -1.395 -0.474 
 
-114.0 162.0 -1.282 1.822 
 
-119.0 -45.1 -1.339 -0.507 
 
-104.0 170.0 -1.170 1.912 
 
-114.0 -48.3 -1.282 -0.543 
 
-94.0 176.0 -1.057 1.980 
 
-109.0 -51.7 -1.226 -0.582 
 
-84.0 180.0 -0.945 2.025 
 
-104.0 -54.4 -1.170 -0.612 
 
-74.0 186.0 -0.832 2.092 
 
-99.0 -57.3 -1.114 -0.645 
 
-64.0 189.0 -0.720 2.126 
 
-94.0 -60.8 -1.057 -0.684 
 
-54.0 194.0 -0.607 2.182 
 
-89.0 -64.4 -1.001 -0.724 
 
-44.0 198.0 -0.495 2.227 
 
-84.0 -67.0 -0.945 -0.754 
 
-34.0 200.0 -0.382 2.250 
 
-79.0 -71.0 -0.889 -0.799 
 
-24.0 203.0 -0.270 2.283 
 
-74.0 -73.2 -0.832 -0.823 
 
-14.0 206.0 -0.157 2.317 
 
-69.0 -77.1 -0.776 -0.867 
 
-4.0 208.0 -0.045 2.340 
 
-64.0 -80.6 -0.720 -0.907 
 
6.0 209.0 0.067 2.351 
 
-59.0 -85.2 -0.664 -0.958 
 
16.0 211.0 0.180 2.373 
 
-54.0 -86.6 -0.607 -0.974 
 
26.0 212.0 0.292 2.385 
 
-49.0 -84.8 -0.551 -0.954 
 
36.0 213.0 0.405 2.396 
 
49.0 -60.7 0.551 -0.683 
 
46.0 213.0 0.517 2.396 
 
51.0 -61.4 0.574 -0.691 
 
56.0 214.0 0.630 2.407 
 
56.0 -59.6 0.630 -0.670 
 
66.0 215.0 0.742 2.418 
 
61.0 -63.7 0.686 -0.717 
 
76.0 216.0 0.855 2.430 
 
66.0 -63.1 0.742 -0.710 
 
86.0 216.0 0.967 2.430 
 
71.0 -63.0 0.799 -0.709 
 
96.0 217.0 1.080 2.441 
 
76.0 -62.7 0.855 -0.705 
 
106.0 218.0 1.192 2.452 
 
81.0 -60.7 0.911 -0.683 
 
116.0 218.0 1.305 2.452 
 
86.0 -56.6 0.967 -0.637 
 
126.0 218.0 1.417 2.452 
 
91.0 -54.5 1.024 -0.613 
 
136.0 219.0 1.530 2.463 
 
96.0 -52.2 1.080 -0.587 
 
146.0 220.0 1.642 2.475 
 
101.0 -49.7 1.136 -0.559 
 
156.0 221.0 1.755 2.486 
 
106.0 -45.8 1.192 -0.515 
 
166.0 222.0 1.867 2.497 
 
111.0 -43.2 1.249 -0.486 
 
176.0 222.0 1.980 2.497 
 
116.0 -38.9 1.305 -0.438 
 
186.0 222.0 2.092 2.497 
 
121.0 -36.4 1.361 -0.409 
 
196.0 225.0 2.205 2.531 
 
126.0 -32.5 1.417 -0.366 
 
206.0 227.0 2.317 2.553 
 
131.0 -29.9 1.474 -0.336 
 
216.0 230.0 2.430 2.587 
 
136.0 -26.5 1.530 -0.298 
 
226.0 236.0 2.542 2.655 
 
141.0 -24.0 1.586 -0.270 
 
236.0 249.0 2.655 2.801 
 
146.0 -20.8 1.642 -0.234 
 
246.0 264.0 2.767 2.970 
 
151.0 -17.3 1.699 -0.195 
 
256.0 276.0 2.880 3.105 
 
156.0 -14.7 1.755 -0.165 
 
266.0 283.0 2.992 3.183 
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161.0 -11.9 1.811 -0.134 
 
276.0 293.0 3.105 3.296 
 
166.0 -8.0 1.867 -0.090 
 
286.0 302.0 3.217 3.397 
 
171.0 -5.4 1.924 -0.061 
 
296.0 309.0 3.330 3.476 
 
176.0 -2.9 1.980 -0.033 
 
306.0 315.0 3.442 3.543 
 
181.0 0.2 2.036 0.002 
 
316.0 325.0 3.555 3.656 
 
186.0 2.4 2.092 0.027 
 
326.0 334.0 3.667 3.757 
 
191.0 5.7 2.148 0.064 
 
336.0 343.0 3.780 3.858 
 
196.0 8.1 2.205 0.091 
 
346.0 351.0 3.892 3.948 
 
201.0 10.6 2.261 0.119 
 
356.0 359.0 4.004 4.038 
 
206.0 13.6 2.317 0.153 
 
366.0 367.0 4.117 4.128 
 
211.0 15.2 2.373 0.171 
 
96.0 212.0 1.080 2.385 
 
216.0 17.3 2.430 0.195 
 
106.0 208.0 1.192 2.340 
 
221.0 18.7 2.486 0.210 
 
116.0 197.0 1.305 2.216 
 
226.0 20.6 2.542 0.232 
 
126.0 188.0 1.417 2.115 
 
231.0 21.4 2.598 0.241 
 
136.0 181.0 1.530 2.036 
 
236.0 22.2 2.655 0.250 
 
146.0 177.0 1.642 1.991 
 
241.0 24.1 2.711 0.271 
 
156.0 174.0 1.755 1.957 
 
246.0 25.2 2.767 0.283 
 
166.0 171.0 1.867 1.924 
 
251.0 26.6 2.823 0.299 
 
176.0 168.0 1.980 1.890 
 
256.0 27.4 2.880 0.308 
 
186.0 166.0 2.092 1.867 
 
261.0 28.0 2.936 0.315 
 
196.0 165.0 2.205 1.856 
 
266.0 24.8 2.992 0.279 
 
206.0 164.0 2.317 1.845 
 
271.0 23.7 3.048 0.267 
 
216.0 163.0 2.430 1.834 
 
276.0 21.8 3.105 0.245 
 
226.0 162.0 2.542 1.822 
 
281.0 21.2 3.161 0.238 
 
236.0 160.0 2.655 1.800 
 
286.0 21.3 3.217 0.240 
 
246.0 157.0 2.767 1.766 
 
291.0 20.8 3.273 0.234 
 
256.0 154.0 2.880 1.732 
 
296.0 21.6 3.330 0.243 
 
266.0 152.0 2.992 1.710 
 
306.0 21.4 3.442 0.241 
 
276.0 139.0 3.105 1.564 
 
316.0 22.1 3.555 0.249 
 
282.0 120.0 3.172 1.350 
 
326.0 23.0 3.667 0.259 
 
271.0 110.0 3.048 1.237 
 
336.0 24.1 3.780 0.271 
 
257.0 96.0 2.891 1.080 
 
346.0 19.4 3.892 0.218 
 
261.0 86.0 2.936 0.967 
 
356.0 14.8 4.004 0.166 
 
271.0 78.0 3.048 0.877 
 
366.0 14.6 4.117 0.164 
 
281.0 67.0 3.161 0.754 
 
376.0 14.9 4.229 0.168 
 
276.0 66.0 3.105 0.742 
 
386.0 17.1 4.342 0.192 
 
266.0 65.0 2.992 0.731 
 
396.0 17.8 4.454 0.200 
 
256.0 64.0 2.880 0.720 
 
406.0 18.0 4.567 0.202 
 
246.0 61.0 2.767 0.686 
 
416.0 16.7 4.679 0.188 
 
236.0 58.0 2.655 0.652 
 
426.0 18.4 4.792 0.207 
 
226.0 52.0 2.542 0.585 
 
436.0 20.5 4.904 0.231 
 
216.0 45.0 2.430 0.506 
 
446.0 20.9 5.017 0.235 
 
206.0 38.0 2.317 0.427 
 
456.0 21.6 5.129 0.243 
 
196.0 30.0 2.205 0.337 
 
466.0 20.7 5.242 0.233 
 
186.0 19.0 2.092 0.214 
 
476.0 16.8 5.354 0.189 
 
181.0 0.0 2.036 0.000 
 
486.0 14.5 5.467 0.163 
 
376.0 373.0 4.229 4.196 
 
496.0 13.7 5.579 0.154 
 
386.0 379.0 4.342 4.263 
 
506.0 15.3 5.692 0.172 
 
396.0 386.0 4.454 4.342 
 
516.0 15.4 5.804 0.173 
 
406.0 393.0 4.567 4.421 
 
526.0 9.8 5.917 0.110 
 
416.0 399.0 4.679 4.488 
 
536.0 9.4 6.029 0.106 
 
426.0 405.0 4.792 4.556 
 
546.0 14.5 6.142 0.163 
 
436.0 411.0 4.904 4.623 
 
556.0 20.7 6.254 0.233 
 
446.0 416.0 5.017 4.679 
 
566.0 26.5 6.367 0.298 
 
456.0 425.0 5.129 4.781 
 
576.0 31.2 6.479 0.351 
 
466.0 434.0 5.242 4.882 
 
586.0 36.2 6.592 0.407 
 
476.0 444.0 5.354 4.994 
 
596.0 40.1 6.704 0.451 
 
-199.0 0.0 -2.238 0.000 
 
606.0 43.7 6.817 0.492 
 
-199.0 -8.0 -2.238 -0.090 
 
616.0 46.8 6.929 0.526 
 
-199.0 -18.0 -2.238 -0.202 
 
626.0 48.6 7.042 0.547 
 
-198.0 -28.0 -2.227 -0.315 
 
636.0 44.7 7.154 0.503 
 
-195.5 -38.0 -2.199 -0.427 
 
646.0 40.0 7.267 0.450 
 
-192.0 -48.0 -2.160 -0.540 
 
656.0 37.6 7.379 0.423 
 
-188.5 -58.0 -2.120 -0.652 
 
666.0 37.5 7.492 0.422 
 
-186.0 -68.0 -2.092 -0.765 
 
676.0 36.4 7.604 0.409 
 
-180.0 -78.0 -2.025 -0.877 
 
686.0 36.7 7.717 0.413 
 
-176.0 -88.0 -1.980 -0.990 
 
696.0 37.1 7.829 0.417 
 
-170.5 -98.0 -1.918 -1.102 
 
706.0 37.8 7.942 0.425 
 
-164.5 -108.0 -1.850 -1.215 
 
716.0 39.1 8.054 0.440 
 
-158.0 -118.0 -1.777 -1.327 
 
726.0 40.6 8.166 0.457 
 
-150.0 -128.0 -1.687 -1.440 
      
-142.0 -138.0 -1.597 -1.552 
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-133.0 -148.0 -1.496 -1.665 
      
-119.0 -158.0 -1.339 -1.777 
      
-114.0 -162.0 -1.282 -1.822 
      
-104.0 -170.0 -1.170 -1.912 
      
-94.0 -176.0 -1.057 -1.980 
      
-84.0 -180.0 -0.945 -2.025 
      
-74.0 -186.0 -0.832 -2.092 
      
-64.0 -189.0 -0.720 -2.126 
      
-54.0 -194.0 -0.607 -2.182 
      
-44.0 -198.0 -0.495 -2.227 
      
-34.0 -200.0 -0.382 -2.250 
      
-24.0 -203.0 -0.270 -2.283 
      
-14.0 -206.0 -0.157 -2.317 
      
-4.0 -208.0 -0.045 -2.340 
      
6.0 -209.0 0.067 -2.351 
      
16.0 -211.0 0.180 -2.373 
      
26.0 -212.0 0.292 -2.385 
      
36.0 -213.0 0.405 -2.396 
      
46.0 -213.0 0.517 -2.396 
      
56.0 -214.0 0.630 -2.407 
      
66.0 -215.0 0.742 -2.418 
      
76.0 -216.0 0.855 -2.430 
      
86.0 -216.0 0.967 -2.430 
      
96.0 -217.0 1.080 -2.441 
      
106.0 -218.0 1.192 -2.452 
      
116.0 -218.0 1.305 -2.452 
      
126.0 -218.0 1.417 -2.452 
      
136.0 -219.0 1.530 -2.463 
      
146.0 -220.0 1.642 -2.475 
      
156.0 -221.0 1.755 -2.486 
      
166.0 -222.0 1.867 -2.497 
      
176.0 -222.0 1.980 -2.497 
      
186.0 -222.0 2.092 -2.497 
      
196.0 -225.0 2.205 -2.531 
      
206.0 -227.0 2.317 -2.553 
      
216.0 -230.0 2.430 -2.587 
      
226.0 -236.0 2.542 -2.655 
      
236.0 -249.0 2.655 -2.801 
      
246.0 -264.0 2.767 -2.970 
      
256.0 -276.0 2.880 -3.105 
      
266.0 -283.0 2.992 -3.183 
      
276.0 -293.0 3.105 -3.296 
      
286.0 -302.0 3.217 -3.397 
      
296.0 -309.0 3.330 -3.476 
      
306.0 -315.0 3.442 -3.543 
      
316.0 -325.0 3.555 -3.656 
      
326.0 -334.0 3.667 -3.757 
      
336.0 -343.0 3.780 -3.858 
      
346.0 -351.0 3.892 -3.948 
      
356.0 -359.0 4.004 -4.038 
      
366.0 -367.0 4.117 -4.128 
      
96.0 -212.0 1.080 -2.385 
      
106.0 -208.0 1.192 -2.340 
      
116.0 -197.0 1.305 -2.216 
      
126.0 -188.0 1.417 -2.115 
      
136.0 -181.0 1.530 -2.036 
      
146.0 -177.0 1.642 -1.991 
      
156.0 -174.0 1.755 -1.957 
      
166.0 -171.0 1.867 -1.924 
      
176.0 -168.0 1.980 -1.890 
      
186.0 -166.0 2.092 -1.867 
      
196.0 -165.0 2.205 -1.856 
      
206.0 -164.0 2.317 -1.845 
      
216.0 -163.0 2.430 -1.834 
      
226.0 -162.0 2.542 -1.822 
      
236.0 -160.0 2.655 -1.800 
      
246.0 -157.0 2.767 -1.766 
      
256.0 -154.0 2.880 -1.732 
      
266.0 -152.0 2.992 -1.710 
      
276.0 -139.0 3.105 -1.564 
      
282.0 -120.0 3.172 -1.350 
      
271.0 -110.0 3.048 -1.237 
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257.0 -96.0 2.891 -1.080 
      
261.0 -86.0 2.936 -0.967 
      
271.0 -78.0 3.048 -0.877 
      
281.0 -67.0 3.161 -0.754 
      
276.0 -66.0 3.105 -0.742 
      
266.0 -65.0 2.992 -0.731 
      
256.0 -64.0 2.880 -0.720 
      
246.0 -61.0 2.767 -0.686 
      
236.0 -58.0 2.655 -0.652 
      
226.0 -52.0 2.542 -0.585 
      
216.0 -45.0 2.430 -0.506 
      
206.0 -38.0 2.317 -0.427 
      
196.0 -30.0 2.205 -0.337 
      
186.0 -19.0 2.092 -0.214 
      
181.0 0.0 2.036 0.000 
      
376.0 -373.0 4.229 -4.196 
      
386.0 -379.0 4.342 -4.263 
      
396.0 -386.0 4.454 -4.342 
      
406.0 -393.0 4.567 -4.421 
      
416.0 -399.0 4.679 -4.488 
      
426.0 -405.0 4.792 -4.556 
      
436.0 -411.0 4.904 -4.623 
      
446.0 -416.0 5.017 -4.679 
      
456.0 -425.0 5.129 -4.781 
      
466.0 -434.0 5.242 -4.882 
      
476.0 -444.0 5.354 -4.994 
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Experiment No. E13 
  
D/B = 8.2% 
   Pier Diameter D (mm) 69.85 
  
D/d50 = 137 
   Channel Width B (mm) 850 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.082 
       Relative Coarseness D/d50 137.0 
       Aspect Ratio H/B 0.141 
       Flow Field Scale H/D 1.718 
       Scour Depth ds 81.1 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-186.0 -0.7 -2.663 -0.009 
 
-178.5 0.0 -2.555 0.000 
 
-181.0 -1.8 -2.591 -0.025 
 
-178.5 9.0 -2.555 0.129 
 
-176.0 -2.2 -2.520 -0.032 
 
-178.5 19.0 -2.555 0.272 
 
-171.0 -2.9 -2.448 -0.041 
 
-178.5 29.0 -2.555 0.415 
 
-166.0 -6.5 -2.377 -0.092 
 
-177.5 39.0 -2.541 0.558 
 
-161.0 -9.3 -2.305 -0.134 
 
-174.0 49.0 -2.491 0.702 
 
-156.0 -13.3 -2.233 -0.190 
 
-168.0 59.0 -2.405 0.845 
 
-151.0 -16.0 -2.162 -0.228 
 
-163.5 69.0 -2.341 0.988 
 
-146.0 -19.7 -2.090 -0.281 
 
-159.0 79.0 -2.276 1.131 
 
-141.0 -23.5 -2.019 -0.336 
 
-152.0 89.0 -2.176 1.274 
 
-136.0 -26.8 -1.947 -0.383 
 
-145.0 99.0 -2.076 1.417 
 
-131.0 -31.0 -1.875 -0.443 
 
-138.5 109.0 -1.983 1.560 
 
-126.0 -34.6 -1.804 -0.495 
 
-125.0 119.0 -1.790 1.704 
 
-121.0 -38.0 -1.732 -0.543 
 
-117.5 129.0 -1.682 1.847 
 
-116.0 -39.7 -1.661 -0.568 
 
-107.5 139.0 -1.539 1.990 
 
-111.0 -43.1 -1.589 -0.616 
 
-95.0 149.0 -1.360 2.133 
 
-106.0 -46.1 -1.518 -0.659 
 
-86.0 156.0 -1.231 2.233 
 
-101.0 -48.4 -1.446 -0.692 
 
-76.0 163.0 -1.088 2.334 
 
-96.0 -51.7 -1.374 -0.739 
 
-66.0 168.0 -0.945 2.405 
 
-91.0 -56.3 -1.303 -0.805 
 
-56.0 175.0 -0.802 2.505 
 
-86.0 -59.8 -1.231 -0.855 
 
-46.0 180.5 -0.659 2.584 
 
-81.0 -61.4 -1.160 -0.878 
 
-36.0 185.0 -0.515 2.649 
 
-76.0 -64.7 -1.088 -0.926 
 
-26.0 190.0 -0.372 2.720 
 
-71.0 -67.5 -1.016 -0.966 
 
-16.0 193.0 -0.229 2.763 
 
-66.0 -71.1 -0.945 -1.017 
 
-6.0 196.0 -0.086 2.806 
 
-61.0 -74.1 -0.873 -1.060 
 
4.0 198.0 0.057 2.835 
 
-56.0 -79.3 -0.802 -1.135 
 
14.0 200.0 0.200 2.863 
 
-51.0 -81.1 -0.730 -1.160 
 
24.0 201.0 0.344 2.878 
 
-46.0 -80.6 -0.659 -1.153 
 
34.0 202.0 0.487 2.892 
 
-41.0 -80.4 -0.587 -1.150 
 
44.0 202.5 0.630 2.899 
 
-39.0 -80.0 -0.558 -1.145 
 
54.0 203.0 0.773 2.906 
 
39.0 -52.1 0.558 -0.745 
 
64.0 203.0 0.916 2.906 
 
44.0 -53.5 0.630 -0.765 
 
74.0 205.0 1.059 2.935 
 
49.0 -53.9 0.702 -0.771 
 
84.0 208.0 1.203 2.978 
 
54.0 -54.2 0.773 -0.775 
 
94.0 212.0 1.346 3.035 
 
59.0 -56.1 0.845 -0.802 
 
104.0 215.0 1.489 3.078 
 
64.0 -54.4 0.916 -0.778 
 
114.0 218.0 1.632 3.121 
 
69.0 -52.1 0.988 -0.745 
 
124.0 220.0 1.775 3.150 
 
74.0 -50.6 1.059 -0.724 
 
134.0 224.0 1.918 3.207 
 
79.0 -47.8 1.131 -0.684 
 
144.0 226.0 2.062 3.236 
 
84.0 -45.0 1.203 -0.644 
 
154.0 227.0 2.205 3.250 
 
89.0 -42.6 1.274 -0.609 
 
164.0 228.0 2.348 3.264 
 
94.0 -39.7 1.346 -0.568 
 
174.0 228.0 2.491 3.264 
 
99.0 -36.5 1.417 -0.522 
 
184.0 228.0 2.634 3.264 
 
104.0 -33.3 1.489 -0.476 
 
194.0 228.0 2.777 3.264 
 
109.0 -30.7 1.560 -0.439 
 
204.0 230.0 2.921 3.293 
 
114.0 -27.1 1.632 -0.387 
 
214.0 232.0 3.064 3.321 
 
119.0 -24.1 1.704 -0.344 
 
224.0 233.0 3.207 3.336 
 
124.0 -19.7 1.775 -0.281 
 
234.0 234.0 3.350 3.350 
 
129.0 -17.7 1.847 -0.253 
 
244.0 245.0 3.493 3.508 
 
134.0 -14.4 1.918 -0.205 
 
254.0 267.0 3.636 3.822 
 
139.0 -10.9 1.990 -0.155 
 
264.0 279.0 3.780 3.994 
 
144.0 -7.7 2.062 -0.110 
 
274.0 295.0 3.923 4.223 
 
149.0 -4.5 2.133 -0.064 
 
284.0 308.0 4.066 4.409 
 
154.0 -1.5 2.205 -0.021 
 
294.0 321.0 4.209 4.596 
 
159.0 1.0 2.276 0.014 
 
304.0 333.0 4.352 4.767 
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164.0 3.4 2.348 0.049 
 
314.0 339.0 4.495 4.853 
 
169.0 5.1 2.419 0.074 
 
324.0 348.0 4.639 4.982 
 
174.0 8.1 2.491 0.117 
 
334.0 355.0 4.782 5.082 
 
179.0 10.5 2.563 0.150 
 
344.0 360.0 4.925 5.154 
 
184.0 12.4 2.634 0.177 
 
354.0 365.0 5.068 5.225 
 
189.0 14.6 2.706 0.208 
 
364.0 368.0 5.211 5.268 
 
194.0 17.1 2.777 0.244 
 
374.0 372.0 5.354 5.326 
 
199.0 19.2 2.849 0.274 
 
84.0 199.0 1.203 2.849 
 
204.0 20.6 2.921 0.294 
 
94.0 197.0 1.346 2.820 
 
209.0 23.0 2.992 0.329 
 
104.0 195.0 1.489 2.792 
 
214.0 24.7 3.064 0.354 
 
114.0 191.0 1.632 2.734 
 
219.0 26.5 3.135 0.379 
 
124.0 186.0 1.775 2.663 
 
224.0 28.4 3.207 0.406 
 
134.0 181.0 1.918 2.591 
 
234.0 31.3 3.350 0.447 
 
144.0 176.0 2.062 2.520 
 
244.0 33.4 3.493 0.477 
 
154.0 164.0 2.205 2.348 
 
254.0 34.9 3.636 0.500 
 
164.0 144.0 2.348 2.062 
 
264.0 36.5 3.780 0.522 
 
174.0 131.0 2.491 1.875 
 
274.0 37.6 3.923 0.538 
 
184.0 122.0 2.634 1.747 
 
284.0 39.1 4.066 0.559 
 
194.0 114.0 2.777 1.632 
 
294.0 38.9 4.209 0.558 
 
204.0 109.0 2.921 1.560 
 
304.0 40.2 4.352 0.575 
 
214.0 106.0 3.064 1.518 
 
309.0 38.6 4.424 0.552 
 
224.0 102.0 3.207 1.460 
 
314.0 34.5 4.495 0.493 
 
234.0 93.0 3.350 1.331 
 
324.0 29.6 4.639 0.423 
 
229.0 80.0 3.278 1.145 
 
334.0 23.3 4.782 0.333 
 
224.0 69.0 3.207 0.988 
 
344.0 20.2 4.925 0.288 
 
214.0 61.0 3.064 0.873 
 
354.0 17.5 5.068 0.250 
 
204.0 56.0 2.921 0.802 
 
364.0 16.4 5.211 0.234 
 
194.0 50.0 2.777 0.716 
 
374.0 15.6 5.354 0.223 
 
184.0 44.0 2.634 0.630 
 
384.0 16.3 5.497 0.233 
 
174.0 35.0 2.491 0.501 
 
394.0 17.2 5.641 0.246 
 
164.0 21.0 2.348 0.301 
 
404.0 18.7 5.784 0.268 
 
159.0 0.0 2.276 0.000 
 
414.0 20.4 5.927 0.291 
 
384.0 371.0 5.497 5.311 
 
424.0 22.4 6.070 0.320 
 
394.0 375.0 5.641 5.369 
 
434.0 24.6 6.213 0.351 
 
404.0 380.0 5.784 5.440 
 
444.0 26.1 6.356 0.373 
 
414.0 401.0 5.927 5.741 
 
454.0 27.6 6.500 0.394 
 
424.0 419.0 6.070 5.999 
 
464.0 28.8 6.643 0.413 
 
-178.5 0.0 -2.555 0.000 
 
474.0 29.7 6.786 0.426 
 
-178.5 -9.0 -2.555 -0.129 
 
484.0 28.3 6.929 0.404 
 
-178.5 -19.0 -2.555 -0.272 
 
494.0 24.0 7.072 0.343 
 
-178.5 -29.0 -2.555 -0.415 
 
504.0 23.6 7.215 0.339 
 
-177.5 -39.0 -2.541 -0.558 
 
514.0 24.2 7.359 0.346 
 
-174.0 -49.0 -2.491 -0.702 
 
524.0 25.7 7.502 0.369 
 
-168.0 -59.0 -2.405 -0.845 
 
534.0 27.3 7.645 0.390 
 
-163.5 -69.0 -2.341 -0.988 
 
544.0 27.6 7.788 0.394 
 
-159.0 -79.0 -2.276 -1.131 
 
554.0 23.7 7.931 0.340 
 
-152.0 -89.0 -2.176 -1.274 
 
564.0 20.0 8.074 0.286 
 
-145.0 -99.0 -2.076 -1.417 
 
574.0 19.1 8.218 0.273 
 
-138.5 -109.0 -1.983 -1.560 
 
584.0 21.6 8.361 0.310 
 
-125.0 -119.0 -1.790 -1.704 
 
594.0 27.3 8.504 0.390 
 
-117.5 -129.0 -1.682 -1.847 
 
604.0 32.5 8.647 0.465 
 
-107.5 -139.0 -1.539 -1.990 
 
614.0 35.8 8.790 0.512 
 
-95.0 -149.0 -1.360 -2.133 
 
624.0 38.5 8.933 0.550 
 
-86.0 -156.0 -1.231 -2.233 
 
634.0 40.3 9.077 0.576 
 
-76.0 -163.0 -1.088 -2.334 
 
644.0 42.2 9.220 0.603 
 
-66.0 -168.0 -0.945 -2.405 
 
654.0 38.4 9.363 0.549 
 
-56.0 -175.0 -0.802 -2.505 
 
664.0 30.8 9.506 0.442 
 
-46.0 -180.5 -0.659 -2.584 
 
674.0 25.7 9.649 0.369 
 
-36.0 -185.0 -0.515 -2.649 
 
684.0 21.7 9.792 0.311 
 
-26.0 -190.0 -0.372 -2.720 
 
694.0 20.3 9.936 0.290 
 
-16.0 -193.0 -0.229 -2.763 
 
704.0 18.6 10.079 0.267 
 
-6.0 -196.0 -0.086 -2.806 
 
714.0 17.6 10.222 0.253 
 
4.0 -198.0 0.057 -2.835 
 
724.0 18.9 10.365 0.270 
 
14.0 -200.0 0.200 -2.863 
 
734.0 17.6 10.508 0.253 
 
24.0 -201.0 0.344 -2.878 
      
34.0 -202.0 0.487 -2.892 
      
44.0 -202.5 0.630 -2.899 
      
54.0 -203.0 0.773 -2.906 
      
64.0 -203.0 0.916 -2.906 
      
74.0 -205.0 1.059 -2.935 
      
84.0 -208.0 1.203 -2.978 
      
94.0 -212.0 1.346 -3.035 
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104.0 -215.0 1.489 -3.078 
      
114.0 -218.0 1.632 -3.121 
      
124.0 -220.0 1.775 -3.150 
      
134.0 -224.0 1.918 -3.207 
      
144.0 -226.0 2.062 -3.236 
      
154.0 -227.0 2.205 -3.250 
      
164.0 -228.0 2.348 -3.264 
      
174.0 -228.0 2.491 -3.264 
      
184.0 -228.0 2.634 -3.264 
      
194.0 -228.0 2.777 -3.264 
      
204.0 -230.0 2.921 -3.293 
      
214.0 -232.0 3.064 -3.321 
      
224.0 -233.0 3.207 -3.336 
      
234.0 -234.0 3.350 -3.350 
      
244.0 -245.0 3.493 -3.508 
      
254.0 -267.0 3.636 -3.822 
      
264.0 -279.0 3.780 -3.994 
      
274.0 -295.0 3.923 -4.223 
      
284.0 -308.0 4.066 -4.409 
      
294.0 -321.0 4.209 -4.596 
      
304.0 -333.0 4.352 -4.767 
      
314.0 -339.0 4.495 -4.853 
      
324.0 -348.0 4.639 -4.982 
      
334.0 -355.0 4.782 -5.082 
      
344.0 -360.0 4.925 -5.154 
      
354.0 -365.0 5.068 -5.225 
      
364.0 -368.0 5.211 -5.268 
      
374.0 -372.0 5.354 -5.326 
      
84.0 -199.0 1.203 -2.849 
      
94.0 -197.0 1.346 -2.820 
      
104.0 -195.0 1.489 -2.792 
      
114.0 -191.0 1.632 -2.734 
      
124.0 -186.0 1.775 -2.663 
      
134.0 -181.0 1.918 -2.591 
      
144.0 -176.0 2.062 -2.520 
      
154.0 -164.0 2.205 -2.348 
      
164.0 -144.0 2.348 -2.062 
      
174.0 -131.0 2.491 -1.875 
      
184.0 -122.0 2.634 -1.747 
      
194.0 -114.0 2.777 -1.632 
      
204.0 -109.0 2.921 -1.560 
      
214.0 -106.0 3.064 -1.518 
      
224.0 -102.0 3.207 -1.460 
      
234.0 -93.0 3.350 -1.331 
      
229.0 -80.0 3.278 -1.145 
      
224.0 -69.0 3.207 -0.988 
      
214.0 -61.0 3.064 -0.873 
      
204.0 -56.0 2.921 -0.802 
      
194.0 -50.0 2.777 -0.716 
      
184.0 -44.0 2.634 -0.630 
      
174.0 -35.0 2.491 -0.501 
      
164.0 -21.0 2.348 -0.301 
      
159.0 0.0 2.276 0.000 
      
384.0 -371.0 5.497 -5.311 
      
394.0 -375.0 5.641 -5.369 
      
404.0 -380.0 5.784 -5.440 
      
414.0 -401.0 5.927 -5.741 
      
424.0 -419.0 6.070 -5.999 
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Experiment No. E14 
  
D/B = 9.9% 
   Pier Diameter D (mm) 79.375 
  
D/d50 = 156 
   Channel Width B (mm) 800.1 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.099 
       Relative Coarseness D/d50 155.6 
       Aspect Ratio H/B 0.150 
       Flow Field Scale H/D 1.512 
       Scour Depth ds 99.4 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-239.0 -0.2 -3.011 -0.003 
 
-222.0 0.0 -2.797 0.000 
 
-234.0 -0.6 -2.948 -0.008 
 
-222.0 -11.0 -2.797 -0.139 
 
-229.0 -0.7 -2.885 -0.009 
 
-221.5 -21.0 -2.791 -0.265 
 
-224.0 -1.5 -2.822 -0.019 
 
-221.5 -31.0 -2.791 -0.391 
 
-219.0 -2.3 -2.759 -0.029 
 
-220.0 -41.0 -2.772 -0.517 
 
-214.0 -4.8 -2.696 -0.060 
 
-219.0 -51.0 -2.759 -0.643 
 
-209.0 -7.2 -2.633 -0.091 
 
-214.0 -61.0 -2.696 -0.769 
 
-204.0 -10.4 -2.570 -0.131 
 
-210.0 -71.0 -2.646 -0.894 
 
-199.0 -13.3 -2.507 -0.168 
 
-206.0 -81.0 -2.595 -1.020 
 
-194.0 -16.5 -2.444 -0.208 
 
-200.5 -91.0 -2.526 -1.146 
 
-189.0 -18.5 -2.381 -0.233 
 
-194.0 -101.0 -2.444 -1.272 
 
-184.0 -22.0 -2.318 -0.277 
 
-187.5 -111.0 -2.362 -1.398 
 
-179.0 -26.1 -2.255 -0.329 
 
-178.0 -121.0 -2.243 -1.524 
 
-174.0 -28.0 -2.192 -0.353 
 
-171.0 -131.0 -2.154 -1.650 
 
-169.0 -30.0 -2.129 -0.378 
 
-161.0 -141.0 -2.028 -1.776 
 
-164.0 -32.8 -2.066 -0.413 
 
-152.5 -151.0 -1.921 -1.902 
 
-159.0 -36.1 -2.003 -0.455 
 
-141.0 -161.0 -1.776 -2.028 
 
-154.0 -39.6 -1.940 -0.499 
 
-129.0 -171.0 -1.625 -2.154 
 
-149.0 -42.1 -1.877 -0.530 
 
-119.0 -177.0 -1.499 -2.230 
 
-144.0 -44.7 -1.814 -0.563 
 
-109.0 -185.0 -1.373 -2.331 
 
-139.0 -47.5 -1.751 -0.598 
 
-99.0 -191.0 -1.247 -2.406 
 
-134.0 -50.7 -1.688 -0.639 
 
-89.0 -196.0 -1.121 -2.469 
 
-129.0 -53.9 -1.625 -0.679 
 
-79.0 -200.0 -0.995 -2.520 
 
-124.0 -57.2 -1.562 -0.721 
 
-69.0 -205.0 -0.869 -2.583 
 
-119.0 -59.8 -1.499 -0.753 
 
-59.0 -209.0 -0.743 -2.633 
 
-114.0 -63.0 -1.436 -0.794 
 
-49.0 -212.0 -0.617 -2.671 
 
-109.0 -66.4 -1.373 -0.837 
 
-39.0 -216.0 -0.491 -2.721 
 
-104.0 -69.7 -1.310 -0.878 
 
-29.0 -219.0 -0.365 -2.759 
 
-99.0 -73.2 -1.247 -0.922 
 
-19.0 -222.0 -0.239 -2.797 
 
-94.0 -75.7 -1.184 -0.954 
 
-9.0 -224.0 -0.113 -2.822 
 
-89.0 -78.5 -1.121 -0.989 
 
1.0 -226.0 0.013 -2.847 
 
-84.0 -81.9 -1.058 -1.032 
 
11.0 -227.0 0.139 -2.860 
 
-79.0 -85.3 -0.995 -1.075 
 
21.0 -229.0 0.265 -2.885 
 
-74.0 -88.0 -0.932 -1.109 
 
31.0 -230.0 0.391 -2.898 
 
-69.0 -91.7 -0.869 -1.155 
 
41.0 -231.0 0.517 -2.910 
 
-64.0 -96.2 -0.806 -1.212 
 
51.0 -232.0 0.643 -2.923 
 
-59.0 -98.9 -0.743 -1.246 
 
61.0 -236.0 0.769 -2.973 
 
-54.0 -96.8 -0.680 -1.220 
 
71.0 -238.0 0.894 -2.998 
 
-49.0 -99.4 -0.617 -1.252 
 
81.0 -238.0 1.020 -2.998 
 
-44.0 -99.4 -0.554 -1.252 
 
91.0 -243.0 1.146 -3.061 
 
44.0 -67.1 0.554 -0.845 
 
101.0 -245.0 1.272 -3.087 
 
46.0 -67.7 0.580 -0.853 
 
111.0 -247.0 1.398 -3.112 
 
51.0 -67.8 0.643 -0.854 
 
121.0 -250.0 1.524 -3.150 
 
56.0 -68.8 0.706 -0.867 
 
131.0 -251.0 1.650 -3.162 
 
61.0 -68.5 0.769 -0.863 
 
141.0 -254.0 1.776 -3.200 
 
66.0 -68.0 0.831 -0.857 
 
151.0 -255.0 1.902 -3.213 
 
71.0 -66.2 0.894 -0.834 
 
161.0 -255.0 2.028 -3.213 
 
76.0 -63.5 0.957 -0.800 
 
171.0 -257.0 2.154 -3.238 
 
81.0 -61.0 1.020 -0.769 
 
181.0 -258.0 2.280 -3.250 
 
86.0 -57.2 1.083 -0.721 
 
191.0 -260.0 2.406 -3.276 
 
91.0 -55.0 1.146 -0.693 
 
201.0 -261.0 2.532 -3.288 
 
96.0 -50.8 1.209 -0.640 
 
211.0 -262.0 2.658 -3.301 
 
101.0 -48.2 1.272 -0.607 
 
221.0 -262.0 2.784 -3.301 
 
106.0 -45.3 1.335 -0.571 
 
231.0 -265.0 2.910 -3.339 
 
111.0 -43.0 1.398 -0.542 
 
241.0 -269.0 3.036 -3.389 
 
116.0 -38.5 1.461 -0.485 
 
251.0 -281.0 3.162 -3.540 
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121.0 -36.7 1.524 -0.462 
 
261.0 -312.0 3.288 -3.931 
 
126.0 -33.2 1.587 -0.418 
 
271.0 -326.0 3.414 -4.107 
 
131.0 -29.5 1.650 -0.372 
 
281.0 -336.0 3.540 -4.233 
 
136.0 -25.5 1.713 -0.321 
 
291.0 -345.0 3.666 -4.346 
 
141.0 -23.0 1.776 -0.290 
 
301.0 -351.0 3.792 -4.422 
 
146.0 -19.7 1.839 -0.248 
 
311.0 -357.0 3.918 -4.498 
 
151.0 -16.6 1.902 -0.209 
 
321.0 -365.0 4.044 -4.598 
 
156.0 -13.8 1.965 -0.174 
 
331.0 -370.0 4.170 -4.661 
 
161.0 -10.6 2.028 -0.134 
 
341.0 -376.0 4.296 -4.737 
 
166.0 -8.2 2.091 -0.103 
 
351.0 -382.0 4.422 -4.813 
 
171.0 -5.4 2.154 -0.068 
 
361.0 -385.0 4.548 -4.850 
 
176.0 -2.1 2.217 -0.026 
 
371.0 -390.0 4.674 -4.913 
 
181.0 0.3 2.280 0.004 
 
381.0 -399.0 4.800 -5.027 
 
186.0 2.1 2.343 0.026 
 
71.0 -232.0 0.894 -2.923 
 
191.0 5.2 2.406 0.066 
 
81.0 -231.0 1.020 -2.910 
 
196.0 7.3 2.469 0.092 
 
91.0 -231.0 1.146 -2.910 
 
201.0 9.7 2.532 0.122 
 
101.0 -231.0 1.272 -2.910 
 
206.0 12.1 2.595 0.152 
 
111.0 -231.0 1.398 -2.910 
 
211.0 14.6 2.658 0.184 
 
121.0 -231.0 1.524 -2.910 
 
216.0 17.2 2.721 0.217 
 
131.0 -230.0 1.650 -2.898 
 
221.0 19.1 2.784 0.241 
 
141.0 -229.0 1.776 -2.885 
 
226.0 20.5 2.847 0.258 
 
151.0 -227.0 1.902 -2.860 
 
231.0 23.1 2.910 0.291 
 
161.0 -225.0 2.028 -2.835 
 
236.0 25.3 2.973 0.319 
 
171.0 -225.0 2.154 -2.835 
 
241.0 27.4 3.036 0.345 
 
181.0 -220.0 2.280 -2.772 
 
246.0 28.5 3.099 0.359 
 
191.0 -216.0 2.406 -2.721 
 
251.0 30.2 3.162 0.380 
 
198.0 -211.0 2.494 -2.658 
 
256.0 31.8 3.225 0.401 
 
191.0 -206.0 2.406 -2.595 
 
261.0 32.9 3.288 0.414 
 
181.0 -187.0 2.280 -2.356 
 
266.0 34.5 3.351 0.435 
 
186.0 -181.0 2.343 -2.280 
 
271.0 35.8 3.414 0.451 
 
196.0 -179.0 2.469 -2.255 
 
276.0 36.9 3.477 0.465 
 
206.0 -175.0 2.595 -2.205 
 
281.0 37.6 3.540 0.474 
 
216.0 -172.0 2.721 -2.167 
 
286.0 38.4 3.603 0.484 
 
226.0 -169.0 2.847 -2.129 
 
291.0 39.2 3.666 0.494 
 
236.0 -166.0 2.973 -2.091 
 
296.0 39.3 3.729 0.495 
 
246.0 -163.0 3.099 -2.054 
 
301.0 39.5 3.792 0.498 
 
256.0 -158.0 3.225 -1.991 
 
306.0 39.8 3.855 0.501 
 
266.0 -152.0 3.351 -1.915 
 
311.0 39.4 3.918 0.496 
 
276.0 -136.0 3.477 -1.713 
 
316.0 39.0 3.981 0.491 
 
271.0 -116.0 3.414 -1.461 
 
321.0 37.2 4.044 0.469 
 
261.0 -99.0 3.288 -1.247 
 
326.0 35.8 4.107 0.451 
 
251.0 -90.0 3.162 -1.134 
 
331.0 34.7 4.170 0.437 
 
241.0 -81.0 3.036 -1.020 
 
341.0 32.5 4.296 0.409 
 
231.0 -70.0 2.910 -0.882 
 
351.0 32.0 4.422 0.403 
 
221.0 -59.0 2.784 -0.743 
 
361.0 32.5 4.548 0.409 
 
211.0 -47.0 2.658 -0.592 
 
371.0 32.7 4.674 0.412 
 
201.0 -37.0 2.532 -0.466 
 
381.0 31.8 4.800 0.401 
 
191.0 -26.0 2.406 -0.328 
 
391.0 31.6 4.926 0.398 
 
181.0 -10.0 2.280 -0.126 
 
401.0 29.4 5.052 0.370 
 
181.0 0.0 2.280 0.000 
 
411.0 27.4 5.178 0.345 
 
-222.0 0.0 -2.797 0.000 
 
421.0 27.7 5.304 0.349 
 
-222.0 11.0 -2.797 0.139 
 
431.0 25.8 5.430 0.325 
 
-221.5 21.0 -2.791 0.265 
 
441.0 24.3 5.556 0.306 
 
-221.5 31.0 -2.791 0.391 
 
451.0 20.0 5.682 0.252 
 
-220.0 41.0 -2.772 0.517 
 
461.0 15.7 5.808 0.198 
 
-219.0 51.0 -2.759 0.643 
 
471.0 14.6 5.934 0.184 
 
-214.0 61.0 -2.696 0.769 
 
481.0 13.4 6.060 0.169 
 
-210.0 71.0 -2.646 0.894 
 
491.0 15.5 6.186 0.195 
 
-206.0 81.0 -2.595 1.020 
 
501.0 17.2 6.312 0.217 
 
-200.5 91.0 -2.526 1.146 
 
511.0 16.8 6.438 0.212 
 
-194.0 101.0 -2.444 1.272 
 
521.0 18.8 6.564 0.237 
 
-187.5 111.0 -2.362 1.398 
 
531.0 24.2 6.690 0.305 
 
-178.0 121.0 -2.243 1.524 
 
541.0 27.4 6.816 0.345 
 
-171.0 131.0 -2.154 1.650 
 
551.0 30.1 6.942 0.379 
 
-161.0 141.0 -2.028 1.776 
 
561.0 31.6 7.068 0.398 
 
-152.5 151.0 -1.921 1.902 
 
571.0 31.9 7.194 0.402 
 
-141.0 161.0 -1.776 2.028 
 
581.0 26.3 7.320 0.331 
 
-129.0 171.0 -1.625 2.154 
 
591.0 25.0 7.446 0.315 
 
-119.0 177.0 -1.499 2.230 
 
601.0 24.7 7.572 0.311 
 
-109.0 185.0 -1.373 2.331 
 
611.0 24.7 7.698 0.311 
 
-99.0 191.0 -1.247 2.406 
 
621.0 25.3 7.824 0.319 
 
-89.0 196.0 -1.121 2.469 
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631.0 27.5 7.950 0.346 
 
-79.0 200.0 -0.995 2.520 
 
641.0 29.8 8.076 0.375 
 
-69.0 205.0 -0.869 2.583 
 
651.0 32.6 8.202 0.411 
 
-59.0 209.0 -0.743 2.633 
 
661.0 35.9 8.328 0.452 
 
-49.0 212.0 -0.617 2.671 
 
671.0 38.3 8.454 0.483 
 
-39.0 216.0 -0.491 2.721 
 
681.0 40.8 8.580 0.514 
 
-29.0 219.0 -0.365 2.759 
 
691.0 41.8 8.706 0.527 
 
-19.0 222.0 -0.239 2.797 
 
701.0 42.3 8.831 0.533 
 
-9.0 224.0 -0.113 2.822 
 
711.0 39.3 8.957 0.495 
 
1.0 226.0 0.013 2.847 
 
721.0 39.5 9.083 0.498 
 
11.0 227.0 0.139 2.860 
 
731.0 40.2 9.209 0.506 
 
21.0 229.0 0.265 2.885 
 
741.0 40.5 9.335 0.510 
 
31.0 230.0 0.391 2.898 
 
751.0 32.4 9.461 0.408 
 
41.0 231.0 0.517 2.910 
 
761.0 29.3 9.587 0.369 
 
51.0 232.0 0.643 2.923 
 
771.0 27.2 9.713 0.343 
 
61.0 236.0 0.769 2.973 
      
71.0 238.0 0.894 2.998 
      
81.0 238.0 1.020 2.998 
      
91.0 243.0 1.146 3.061 
      
101.0 245.0 1.272 3.087 
      
111.0 247.0 1.398 3.112 
      
121.0 250.0 1.524 3.150 
      
131.0 251.0 1.650 3.162 
      
141.0 254.0 1.776 3.200 
      
151.0 255.0 1.902 3.213 
      
161.0 255.0 2.028 3.213 
      
171.0 257.0 2.154 3.238 
      
181.0 258.0 2.280 3.250 
      
191.0 260.0 2.406 3.276 
      
201.0 261.0 2.532 3.288 
      
211.0 262.0 2.658 3.301 
      
221.0 262.0 2.784 3.301 
      
231.0 265.0 2.910 3.339 
      
241.0 269.0 3.036 3.389 
      
251.0 281.0 3.162 3.540 
      
261.0 312.0 3.288 3.931 
      
271.0 326.0 3.414 4.107 
      
281.0 336.0 3.540 4.233 
      
291.0 345.0 3.666 4.346 
      
301.0 351.0 3.792 4.422 
      
311.0 357.0 3.918 4.498 
      
321.0 365.0 4.044 4.598 
      
331.0 370.0 4.170 4.661 
      
341.0 376.0 4.296 4.737 
      
351.0 382.0 4.422 4.813 
      
361.0 385.0 4.548 4.850 
      
371.0 390.0 4.674 4.913 
      
381.0 399.0 4.800 5.027 
      
71.0 232.0 0.894 2.923 
      
81.0 231.0 1.020 2.910 
      
91.0 231.0 1.146 2.910 
      
101.0 231.0 1.272 2.910 
      
111.0 231.0 1.398 2.910 
      
121.0 231.0 1.524 2.910 
      
131.0 230.0 1.650 2.898 
      
141.0 229.0 1.776 2.885 
      
151.0 227.0 1.902 2.860 
      
161.0 225.0 2.028 2.835 
      
171.0 225.0 2.154 2.835 
      
181.0 220.0 2.280 2.772 
      
191.0 216.0 2.406 2.721 
      
198.0 211.0 2.494 2.658 
      
191.0 206.0 2.406 2.595 
      
181.0 187.0 2.280 2.356 
      
186.0 181.0 2.343 2.280 
      
196.0 179.0 2.469 2.255 
      
206.0 175.0 2.595 2.205 
      
216.0 172.0 2.721 2.167 
      
226.0 169.0 2.847 2.129 
      
236.0 166.0 2.973 2.091 
      
246.0 163.0 3.099 2.054 
      
256.0 158.0 3.225 1.991 
      
266.0 152.0 3.351 1.915 
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276.0 136.0 3.477 1.713 
      
271.0 116.0 3.414 1.461 
      
261.0 99.0 3.288 1.247 
      
251.0 90.0 3.162 1.134 
      
241.0 81.0 3.036 1.020 
      
231.0 70.0 2.910 0.882 
      
221.0 59.0 2.784 0.743 
      
211.0 47.0 2.658 0.592 
      
201.0 37.0 2.532 0.466 
      
191.0 26.0 2.406 0.328 
      
181.0 10.0 2.280 0.126 
      
181.0 0.0 2.280 0.000 
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Experiment No. E15 
  
D/B = 9.9% 
   Pier Diameter D (mm) 69.85 
  
D/d50 = 137 
   Channel Width B (mm) 705 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.099 
       Relative Coarseness D/d50 137.0 
       Aspect Ratio H/B 0.170 
       Flow Field Scale H/D 1.718 
       Scour Depth ds 94.2 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-210.0 -0.5 -3.006 -0.007 
 
-198.0 0.0 -2.835 0.000 
 
-205.0 -0.5 -2.935 -0.007 
 
-198.0 -9.0 -2.835 -0.129 
 
-200.0 -1.0 -2.863 -0.014 
 
-197.0 -19.0 -2.820 -0.272 
 
-195.0 -1.3 -2.792 -0.019 
 
-196.0 -29.0 -2.806 -0.415 
 
-190.0 -3.6 -2.720 -0.052 
 
-194.0 -39.0 -2.777 -0.558 
 
-185.0 -7.2 -2.649 -0.103 
 
-192.0 -49.0 -2.749 -0.702 
 
-180.0 -10.0 -2.577 -0.143 
 
-189.5 -59.0 -2.713 -0.845 
 
-175.0 -13.6 -2.505 -0.195 
 
-187.0 -69.0 -2.677 -0.988 
 
-170.0 -16.9 -2.434 -0.242 
 
-184.0 -79.0 -2.634 -1.131 
 
-165.0 -20.1 -2.362 -0.288 
 
-179.5 -89.0 -2.570 -1.274 
 
-160.0 -23.2 -2.291 -0.332 
 
-173.0 -99.0 -2.477 -1.417 
 
-155.0 -27.4 -2.219 -0.392 
 
-168.0 -109.0 -2.405 -1.560 
 
-150.0 -29.7 -2.147 -0.425 
 
-160.5 -119.0 -2.298 -1.704 
 
-145.0 -33.9 -2.076 -0.485 
 
-154.5 -129.0 -2.212 -1.847 
 
-140.0 -37.5 -2.004 -0.537 
 
-146.5 -139.0 -2.097 -1.990 
 
-135.0 -40.6 -1.933 -0.581 
 
-138.0 -149.0 -1.976 -2.133 
 
-130.0 -43.7 -1.861 -0.626 
 
-130.0 -159.0 -1.861 -2.276 
 
-125.0 -47.3 -1.790 -0.677 
 
-120.0 -168.0 -1.718 -2.405 
 
-120.0 -50.3 -1.718 -0.720 
 
-110.0 -178.0 -1.575 -2.548 
 
-115.0 -53.3 -1.646 -0.763 
 
-100.0 -184.0 -1.432 -2.634 
 
-110.0 -56.9 -1.575 -0.815 
 
-90.0 -189.0 -1.288 -2.706 
 
-105.0 -60.2 -1.503 -0.862 
 
-80.0 -192.0 -1.145 -2.749 
 
-100.0 -63.6 -1.432 -0.911 
 
-70.0 -197.0 -1.002 -2.820 
 
-95.0 -67.2 -1.360 -0.962 
 
-60.0 -200.0 -0.859 -2.863 
 
-90.0 -70.4 -1.288 -1.008 
 
-50.0 -203.0 -0.716 -2.906 
 
-85.0 -73.2 -1.217 -1.048 
 
-40.0 -207.0 -0.573 -2.963 
 
-80.0 -75.4 -1.145 -1.079 
 
-30.0 -211.0 -0.429 -3.021 
 
-75.0 -78.4 -1.074 -1.122 
 
-20.0 -213.0 -0.286 -3.049 
 
-70.0 -81.5 -1.002 -1.167 
 
-10.0 -215.0 -0.143 -3.078 
 
-65.0 -85.1 -0.931 -1.218 
 
0.0 -217.0 0.000 -3.107 
 
-60.0 -88.4 -0.859 -1.266 
 
10.0 -218.0 0.143 -3.121 
 
-55.0 -92.1 -0.787 -1.319 
 
20.0 -219.0 0.286 -3.135 
 
-50.0 -94.2 -0.716 -1.349 
 
30.0 -220.0 0.429 -3.150 
 
-45.0 -93.5 -0.644 -1.339 
 
40.0 -221.0 0.573 -3.164 
 
-40.0 -93.2 -0.573 -1.334 
 
50.0 -221.0 0.716 -3.164 
 
-39.0 -93.2 -0.558 -1.334 
 
60.0 -223.0 0.859 -3.193 
 
39.0 -64.1 0.558 -0.918 
 
70.0 -226.0 1.002 -3.236 
 
40.0 -64.9 0.573 -0.929 
 
80.0 -229.0 1.145 -3.278 
 
45.0 -64.7 0.644 -0.926 
 
90.0 -230.0 1.288 -3.293 
 
50.0 -65.1 0.716 -0.932 
 
100.0 -232.0 1.432 -3.321 
 
55.0 -66.6 0.787 -0.953 
 
110.0 -234.0 1.575 -3.350 
 
60.0 -66.1 0.859 -0.946 
 
120.0 -235.0 1.718 -3.364 
 
65.0 -64.8 0.931 -0.928 
 
130.0 -237.0 1.861 -3.393 
 
70.0 -63.4 1.002 -0.908 
 
140.0 -237.0 2.004 -3.393 
 
75.0 -60.9 1.074 -0.872 
 
150.0 -237.0 2.147 -3.393 
 
80.0 -58.1 1.145 -0.832 
 
160.0 -239.0 2.291 -3.422 
 
85.0 -55.0 1.217 -0.787 
 
170.0 -241.0 2.434 -3.450 
 
90.0 -51.8 1.288 -0.742 
 
180.0 -241.0 2.577 -3.450 
 
95.0 -48.8 1.360 -0.699 
 
190.0 -241.0 2.720 -3.450 
 
100.0 -44.8 1.432 -0.641 
 
200.0 -241.0 2.863 -3.450 
 
110.0 -37.2 1.575 -0.533 
 
210.0 -241.0 3.006 -3.450 
 
120.0 -32.0 1.718 -0.458 
 
220.0 -241.0 3.150 -3.450 
 
130.0 -25.7 1.861 -0.368 
 
230.0 -241.0 3.293 -3.450 
 
140.0 -20.9 2.004 -0.299 
 
240.0 -241.0 3.436 -3.450 
 
150.0 -15.5 2.147 -0.222 
 
250.0 -243.0 3.579 -3.479 
 
160.0 -9.8 2.291 -0.140 
 
260.0 -246.0 3.722 -3.522 
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170.0 -4.9 2.434 -0.070 
 
270.0 -248.0 3.865 -3.550 
 
180.0 -0.1 2.577 -0.001 
 
280.0 -251.0 4.009 -3.593 
 
190.0 3.1 2.720 0.044 
 
290.0 -254.0 4.152 -3.636 
 
200.0 7.3 2.863 0.105 
 
300.0 -257.0 4.295 -3.679 
 
210.0 10.9 3.006 0.156 
 
310.0 -258.0 4.438 -3.694 
 
220.0 14.1 3.150 0.202 
 
320.0 -258.0 4.581 -3.694 
 
230.0 17.8 3.293 0.255 
 
330.0 -259.0 4.724 -3.708 
 
240.0 18.7 3.436 0.268 
 
340.0 -266.0 4.868 -3.808 
 
250.0 21.5 3.579 0.308 
 
350.0 -288.0 5.011 -4.123 
 
260.0 22.4 3.722 0.321 
 
360.0 -307.0 5.154 -4.395 
 
270.0 23.7 3.865 0.339 
 
370.0 -325.0 5.297 -4.653 
 
280.0 23.7 4.009 0.339 
 
380.0 -338.0 5.440 -4.839 
 
290.0 24.9 4.152 0.356 
 
390.0 -349.0 5.583 -4.996 
 
300.0 23.7 4.295 0.339 
 
70.0 -221.0 1.002 -3.164 
 
310.0 21.9 4.438 0.314 
 
80.0 -219.0 1.145 -3.135 
 
320.0 19.1 4.581 0.273 
 
90.0 -217.0 1.288 -3.107 
 
330.0 14.8 4.724 0.212 
 
100.0 -215.0 1.432 -3.078 
 
340.0 11.2 4.868 0.160 
 
110.0 -213.0 1.575 -3.049 
 
350.0 9.1 5.011 0.130 
 
120.0 -210.0 1.718 -3.006 
 
360.0 9.9 5.154 0.142 
 
130.0 -207.0 1.861 -2.963 
 
370.0 10.8 5.297 0.155 
 
140.0 -204.0 2.004 -2.921 
 
380.0 12.9 5.440 0.185 
 
150.0 -200.0 2.147 -2.863 
 
390.0 15.5 5.583 0.222 
 
160.0 -197.0 2.291 -2.820 
 
400.0 18.5 5.727 0.265 
 
170.0 -191.0 2.434 -2.734 
 
410.0 20.7 5.870 0.296 
 
173.0 -188.0 2.477 -2.691 
 
420.0 22.8 6.013 0.326 
 
170.0 -175.0 2.434 -2.505 
 
430.0 24.5 6.156 0.351 
 
175.0 -162.0 2.505 -2.319 
 
440.0 26.2 6.299 0.375 
 
185.0 -156.0 2.649 -2.233 
 
450.0 22.8 6.442 0.326 
 
195.0 -151.0 2.792 -2.162 
 
460.0 18.3 6.586 0.262 
 
205.0 -148.0 2.935 -2.119 
 
470.0 18.6 6.729 0.266 
 
215.0 -144.0 3.078 -2.062 
 
480.0 18.1 6.872 0.259 
 
225.0 -139.0 3.221 -1.990 
 
490.0 17.8 7.015 0.255 
 
235.0 -132.0 3.364 -1.890 
 
500.0 18.5 7.158 0.265 
 
245.0 -121.0 3.508 -1.732 
 
510.0 19.0 7.301 0.272 
 
248.0 -103.0 3.550 -1.475 
 
520.0 18.9 7.445 0.271 
 
245.0 -86.0 3.508 -1.231 
 
530.0 19.8 7.588 0.283 
 
240.0 -79.0 3.436 -1.131 
 
540.0 20.9 7.731 0.299 
 
230.0 -67.0 3.293 -0.959 
 
550.0 22.7 7.874 0.325 
 
220.0 -57.0 3.150 -0.816 
 
560.0 23.3 8.017 0.334 
 
210.0 -46.0 3.006 -0.659 
 
570.0 23.4 8.160 0.335 
 
200.0 -36.0 2.863 -0.515 
 
580.0 20.9 8.304 0.299 
 
190.0 -21.0 2.720 -0.301 
 
590.0 15.0 8.447 0.215 
 
182.0 -10.0 2.606 -0.143 
 
600.0 13.5 8.590 0.193 
 
180.0 0.0 2.577 0.000 
 
610.0 13.3 8.733 0.190 
 
-198.0 0.0 -2.835 0.000 
 
620.0 13.8 8.876 0.198 
 
-198.0 9.0 -2.835 0.129 
 
630.0 14.7 9.019 0.210 
 
-197.0 19.0 -2.820 0.272 
 
640.0 16.5 9.162 0.236 
 
-196.0 29.0 -2.806 0.415 
 
650.0 18.5 9.306 0.265 
 
-194.0 39.0 -2.777 0.558 
 
660.0 19.6 9.449 0.281 
 
-192.0 49.0 -2.749 0.702 
 
670.0 14.9 9.592 0.213 
 
-189.5 59.0 -2.713 0.845 
 
680.0 14.9 9.735 0.213 
 
-187.0 69.0 -2.677 0.988 
 
690.0 16.4 9.878 0.235 
 
-184.0 79.0 -2.634 1.131 
 
700.0 18.9 10.021 0.271 
 
-179.5 89.0 -2.570 1.274 
 
710.0 20.0 10.165 0.286 
 
-173.0 99.0 -2.477 1.417 
 
720.0 21.3 10.308 0.305 
 
-168.0 109.0 -2.405 1.560 
 
730.0 21.9 10.451 0.314 
 
-160.5 119.0 -2.298 1.704 
 
740.0 22.4 10.594 0.321 
 
-154.5 129.0 -2.212 1.847 
 
750.0 22.7 10.737 0.325 
 
-146.5 139.0 -2.097 1.990 
 
760.0 17.4 10.880 0.249 
 
-138.0 149.0 -1.976 2.133 
 
770.0 14.0 11.024 0.200 
 
-130.0 159.0 -1.861 2.276 
 
780.0 7.2 11.167 0.103 
 
-120.0 168.0 -1.718 2.405 
 
790.0 1.2 11.310 0.017 
 
-110.0 178.0 -1.575 2.548 
      
-100.0 184.0 -1.432 2.634 
      
-90.0 189.0 -1.288 2.706 
      
-80.0 192.0 -1.145 2.749 
      
-70.0 197.0 -1.002 2.820 
      
-60.0 200.0 -0.859 2.863 
      
-50.0 203.0 -0.716 2.906 
      
-40.0 207.0 -0.573 2.963 
      
-30.0 211.0 -0.429 3.021 
      
-20.0 213.0 -0.286 3.049 
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-10.0 215.0 -0.143 3.078 
      
0.0 217.0 0.000 3.107 
      
10.0 218.0 0.143 3.121 
      
20.0 219.0 0.286 3.135 
      
30.0 220.0 0.429 3.150 
      
40.0 221.0 0.573 3.164 
      
50.0 221.0 0.716 3.164 
      
60.0 223.0 0.859 3.193 
      
70.0 226.0 1.002 3.236 
      
80.0 229.0 1.145 3.278 
      
90.0 230.0 1.288 3.293 
      
100.0 232.0 1.432 3.321 
      
110.0 234.0 1.575 3.350 
      
120.0 235.0 1.718 3.364 
      
130.0 237.0 1.861 3.393 
      
140.0 237.0 2.004 3.393 
      
150.0 237.0 2.147 3.393 
      
160.0 239.0 2.291 3.422 
      
170.0 241.0 2.434 3.450 
      
180.0 241.0 2.577 3.450 
      
190.0 241.0 2.720 3.450 
      
200.0 241.0 2.863 3.450 
      
210.0 241.0 3.006 3.450 
      
220.0 241.0 3.150 3.450 
      
230.0 241.0 3.293 3.450 
      
240.0 241.0 3.436 3.450 
      
250.0 243.0 3.579 3.479 
      
260.0 246.0 3.722 3.522 
      
270.0 248.0 3.865 3.550 
      
280.0 251.0 4.009 3.593 
      
290.0 254.0 4.152 3.636 
      
300.0 257.0 4.295 3.679 
      
310.0 258.0 4.438 3.694 
      
320.0 258.0 4.581 3.694 
      
330.0 259.0 4.724 3.708 
      
340.0 266.0 4.868 3.808 
      
350.0 288.0 5.011 4.123 
      
360.0 307.0 5.154 4.395 
      
370.0 325.0 5.297 4.653 
      
380.0 338.0 5.440 4.839 
      
390.0 349.0 5.583 4.996 
      
70.0 221.0 1.002 3.164 
      
80.0 219.0 1.145 3.135 
      
90.0 217.0 1.288 3.107 
      
100.0 215.0 1.432 3.078 
      
110.0 213.0 1.575 3.049 
      
120.0 210.0 1.718 3.006 
      
130.0 207.0 1.861 2.963 
      
140.0 204.0 2.004 2.921 
      
150.0 200.0 2.147 2.863 
      
160.0 197.0 2.291 2.820 
      
170.0 191.0 2.434 2.734 
      
173.0 188.0 2.477 2.691 
      
170.0 175.0 2.434 2.505 
      
175.0 162.0 2.505 2.319 
      
185.0 156.0 2.649 2.233 
      
195.0 151.0 2.792 2.162 
      
205.0 148.0 2.935 2.119 
      
215.0 144.0 3.078 2.062 
      
225.0 139.0 3.221 1.990 
      
235.0 132.0 3.364 1.890 
      
245.0 121.0 3.508 1.732 
      
248.0 103.0 3.550 1.475 
      
245.0 86.0 3.508 1.231 
      
240.0 79.0 3.436 1.131 
      
230.0 67.0 3.293 0.959 
      
220.0 57.0 3.150 0.816 
      
210.0 46.0 3.006 0.659 
      
200.0 36.0 2.863 0.515 
      
190.0 21.0 2.720 0.301 
      
182.0 10.0 2.606 0.143 
      
180.0 0.0 2.577 0.000 
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Experiment No. E16 
  
D/B = 4.9% 
   Pier Diameter D (mm) 60 
  
D/d50 = 118 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.049 
       Relative Coarseness D/d50 117.6 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 2.000 
       Scour Depth ds 84.6 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-187 0.45 -3.117 0.007 
 
-178 0 -2.967 0.000 
 
-182 1.35 -3.033 0.022 
 
-178 10 -2.967 0.167 
 
-177 0.55 -2.950 0.009 
 
-176 20 -2.933 0.333 
 
-172 -1.25 -2.867 -0.021 
 
-174 30 -2.900 0.500 
 
-167 -4.45 -2.783 -0.074 
 
-170.5 40 -2.842 0.667 
 
-162 -5.75 -2.700 -0.096 
 
-167.5 50 -2.792 0.833 
 
-157 -9.55 -2.617 -0.159 
 
-164 60 -2.733 1.000 
 
-152 -10.85 -2.533 -0.181 
 
-157.5 70 -2.625 1.167 
 
-147 -14.95 -2.450 -0.249 
 
-154.5 80 -2.575 1.333 
 
-142 -18.05 -2.367 -0.301 
 
-147 90 -2.450 1.500 
 
-132 -25.45 -2.200 -0.424 
 
-140 100 -2.333 1.667 
 
-122 -33.65 -2.033 -0.561 
 
-131.5 110 -2.192 1.833 
 
-112 -40.05 -1.867 -0.668 
 
-122 120 -2.033 2.000 
 
-102 -46.95 -1.700 -0.783 
 
-112 128 -1.867 2.133 
 
-92 -54.45 -1.533 -0.908 
 
-102 136 -1.700 2.267 
 
-82 -61.65 -1.367 -1.028 
 
-92 145 -1.533 2.417 
 
-72 -68.05 -1.200 -1.134 
 
-82 151 -1.367 2.517 
 
-62 -73.35 -1.033 -1.223 
 
-72 158 -1.200 2.633 
 
-52 -82.65 -0.867 -1.378 
 
-62 164 -1.033 2.733 
 
-47 -84.55 -0.783 -1.409 
 
-52 170 -0.867 2.833 
 
-42 -83.35 -0.700 -1.389 
 
-42 177 -0.700 2.950 
 
-37 -81.45 -0.617 -1.358 
 
-32 182 -0.533 3.033 
 
-35 -78.85 -0.583 -1.314 
 
-22 186 -0.367 3.100 
 
35 -49.55 0.583 -0.826 
 
-12 191 -0.200 3.183 
 
38 -49.25 0.633 -0.821 
 
-2 193 -0.033 3.217 
 
43 -49.85 0.717 -0.831 
 
8 195 0.133 3.250 
 
48 -50.65 0.800 -0.844 
 
18 196 0.300 3.267 
 
53 -49.85 0.883 -0.831 
 
28 197 0.467 3.283 
 
58 -49.05 0.967 -0.818 
 
38 197 0.633 3.283 
 
63 -46.25 1.050 -0.771 
 
48 197 0.800 3.283 
 
68 -43.45 1.133 -0.724 
 
58 197 0.967 3.283 
 
78 -38.25 1.300 -0.638 
 
68 197 1.133 3.283 
 
88 -29.95 1.467 -0.499 
 
78 203 1.300 3.383 
 
98 -24.25 1.633 -0.404 
 
88 208 1.467 3.467 
 
108 -18.45 1.800 -0.307 
 
98 212 1.633 3.533 
 
118 -12.45 1.967 -0.207 
 
108 214 1.800 3.567 
 
128 -5.95 2.133 -0.099 
 
118 215 1.967 3.583 
 
138 -0.85 2.300 -0.014 
 
128 215 2.133 3.583 
 
148 4.15 2.467 0.069 
 
138 215 2.300 3.583 
 
158 8.85 2.633 0.148 
 
148 216 2.467 3.600 
 
168 13.45 2.800 0.224 
 
158 217 2.633 3.617 
 
178 16.55 2.967 0.276 
 
168 218 2.800 3.633 
 
188 20.65 3.133 0.344 
 
178 219 2.967 3.650 
 
198 24.65 3.300 0.411 
 
188 220 3.133 3.667 
 
208 28.05 3.467 0.468 
 
198 220 3.300 3.667 
 
218 31.45 3.633 0.524 
 
208 221 3.467 3.683 
 
228 32.45 3.800 0.541 
 
218 221 3.633 3.683 
 
238 35.05 3.967 0.584 
 
228 222 3.800 3.700 
 
248 37.05 4.133 0.618 
 
238 223 3.967 3.717 
 
258 38.85 4.300 0.647 
 
248 224 4.133 3.733 
 
268 40.75 4.467 0.679 
 
258 226 4.300 3.767 
 
278 42.25 4.633 0.704 
 
268 230 4.467 3.833 
 
288 42.65 4.800 0.711 
 
278 251 4.633 4.183 
 
298 41.35 4.967 0.689 
 
288 270 4.800 4.500 
 
308 37.45 5.133 0.624 
 
298 284 4.967 4.733 
 
318 32.25 5.300 0.538 
 
308 296 5.133 4.933 
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328 26.75 5.467 0.446 
 
318 306 5.300 5.100 
 
338 24.25 5.633 0.404 
 
328 314 5.467 5.233 
 
348 22.55 5.800 0.376 
 
338 320 5.633 5.333 
 
358 21.45 5.967 0.357 
 
348 325 5.800 5.417 
 
368 19.15 6.133 0.319 
 
358 329 5.967 5.483 
 
378 18.75 6.300 0.313 
 
368 332 6.133 5.533 
 
388 17.55 6.467 0.292 
 
378 336 6.300 5.600 
 
398 16.85 6.633 0.281 
 
388 340 6.467 5.667 
 
408 17.65 6.800 0.294 
 
398 344 6.633 5.733 
 
418 18.25 6.967 0.304 
 
408 347 6.800 5.783 
 
428 18.55 7.133 0.309 
 
418 350 6.967 5.833 
 
438 19.05 7.300 0.318 
 
428 352 7.133 5.867 
 
448 19.05 7.467 0.318 
 
438 353.5 7.300 5.892 
 
458 19.55 7.633 0.326 
 
448 353.5 7.467 5.892 
      
458 354 7.633 5.900 
      
98 202 1.633 3.367 
      
108 200 1.800 3.333 
      
118 199 1.967 3.317 
      
128 198 2.133 3.300 
      
138 194 2.300 3.233 
      
148 185 2.467 3.083 
      
158 179 2.633 2.983 
      
168 172 2.800 2.867 
      
178 162 2.967 2.700 
      
168 144 2.800 2.400 
      
161 131 2.683 2.183 
      
168 120 2.800 2.000 
      
178 107 2.967 1.783 
      
188 98 3.133 1.633 
      
198 80 3.300 1.333 
      
199 68 3.317 1.133 
      
198 66 3.300 1.100 
      
188 55 3.133 0.917 
      
178 48 2.967 0.800 
      
168 40 2.800 0.667 
      
158 27 2.633 0.450 
      
148 15 2.467 0.250 
      
-178 0 -2.967 0.000 
      
-178 -10 -2.967 -0.167 
      
-176 -20 -2.933 -0.333 
      
-174 -30 -2.900 -0.500 
      
-170.5 -40 -2.842 -0.667 
      
-167.5 -50 -2.792 -0.833 
      
-164 -60 -2.733 -1.000 
      
-157.5 -70 -2.625 -1.167 
      
-154.5 -80 -2.575 -1.333 
      
-147 -90 -2.450 -1.500 
      
-140 -100 -2.333 -1.667 
      
-131.5 -110 -2.192 -1.833 
      
-122 -120 -2.033 -2.000 
      
-112 -128 -1.867 -2.133 
      
-102 -136 -1.700 -2.267 
      
-92 -145 -1.533 -2.417 
      
-82 -151 -1.367 -2.517 
      
-72 -158 -1.200 -2.633 
      
-62 -164 -1.033 -2.733 
      
-52 -170 -0.867 -2.833 
      
-42 -177 -0.700 -2.950 
      
-32 -182 -0.533 -3.033 
      
-22 -186 -0.367 -3.100 
      
-12 -191 -0.200 -3.183 
      
-2 -193 -0.033 -3.217 
      
8 -195 0.133 -3.250 
      
18 -196 0.300 -3.267 
      
28 -197 0.467 -3.283 
      
38 -197 0.633 -3.283 
      
48 -197 0.800 -3.283 
      
58 -197 0.967 -3.283 
      
68 -197 1.133 -3.283 
      
78 -203 1.300 -3.383 
      
88 -208 1.467 -3.467 
      
98 -212 1.633 -3.533 
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108 -214 1.800 -3.567 
      
118 -215 1.967 -3.583 
      
128 -215 2.133 -3.583 
      
138 -215 2.300 -3.583 
      
148 -216 2.467 -3.600 
      
158 -217 2.633 -3.617 
      
168 -218 2.800 -3.633 
      
178 -219 2.967 -3.650 
      
188 -220 3.133 -3.667 
      
198 -220 3.300 -3.667 
      
208 -221 3.467 -3.683 
      
218 -221 3.633 -3.683 
      
228 -222 3.800 -3.700 
      
238 -223 3.967 -3.717 
      
248 -224 4.133 -3.733 
      
258 -226 4.300 -3.767 
      
268 -230 4.467 -3.833 
      
278 -251 4.633 -4.183 
      
288 -270 4.800 -4.500 
      
298 -284 4.967 -4.733 
      
308 -296 5.133 -4.933 
      
318 -306 5.300 -5.100 
      
328 -314 5.467 -5.233 
      
338 -320 5.633 -5.333 
      
348 -325 5.800 -5.417 
      
358 -329 5.967 -5.483 
      
368 -332 6.133 -5.533 
      
378 -336 6.300 -5.600 
      
388 -340 6.467 -5.667 
      
398 -344 6.633 -5.733 
      
408 -347 6.800 -5.783 
      
418 -350 6.967 -5.833 
      
428 -352 7.133 -5.867 
      
438 -353.5 7.300 -5.892 
      
448 -353.5 7.467 -5.892 
      
458 -354 7.633 -5.900 
      
98 -202 1.633 -3.367 
      
108 -200 1.800 -3.333 
      
118 -199 1.967 -3.317 
      
128 -198 2.133 -3.300 
      
138 -194 2.300 -3.233 
      
148 -185 2.467 -3.083 
      
158 -179 2.633 -2.983 
      
168 -172 2.800 -2.867 
      
178 -162 2.967 -2.700 
      
168 -144 2.800 -2.400 
      
161 -131 2.683 -2.183 
      
168 -120 2.800 -2.000 
      
178 -107 2.967 -1.783 
      
188 -98 3.133 -1.633 
      
198 -80 3.300 -1.333 
      
199 -68 3.317 -1.133 
      
198 -66 3.300 -1.100 
      
188 -55 3.133 -0.917 
      
178 -48 2.967 -0.800 
      
168 -40 2.800 -0.667 
      
158 -27 2.633 -0.450 
      
148 -15 2.467 -0.250 
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Experiment No. A1 
  
D/B = 2.5% 
   Pier Diameter D (mm) 30 
  
D/d50 = 59 
   Channel Width B (mm) 1216 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.025 
       Relative Coarseness D/d50 58.8 
       Aspect Ratio H/B 0.099 
       Flow Field Scale H/D 4.000 
       Scour Depth ds 50.5 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-110.0 1.1 -3.667 0.038 
 
-103.5 0.0 -3.450 0.000 
 
-105.0 1.8 -3.500 0.061 
 
-103.5 3.0 -3.450 0.100 
 
-100.0 0.1 -3.333 0.004 
 
-103.0 8.0 -3.433 0.267 
 
-95.0 -1.6 -3.167 -0.052 
 
-101.0 13.0 -3.367 0.433 
 
-90.0 -3.2 -3.000 -0.106 
 
-100.0 18.0 -3.333 0.600 
 
-85.0 -6.7 -2.833 -0.222 
 
-98.5 23.0 -3.283 0.767 
 
-80.0 -9.7 -2.667 -0.322 
 
-97.0 28.0 -3.233 0.933 
 
-75.0 -12.8 -2.500 -0.426 
 
-94.5 33.0 -3.150 1.100 
 
-70.0 -17.1 -2.333 -0.569 
 
-92.5 38.0 -3.083 1.267 
 
-65.0 -21.2 -2.167 -0.706 
 
-91.0 43.0 -3.033 1.433 
 
-60.0 -23.2 -2.000 -0.772 
 
-87.0 48.0 -2.900 1.600 
 
-55.0 -24.5 -1.833 -0.816 
 
-81.0 53.0 -2.700 1.767 
 
-50.0 -28.8 -1.667 -0.959 
 
-79.0 58.0 -2.633 1.933 
 
-45.0 -30.4 -1.500 -1.012 
 
-74.0 63.0 -2.467 2.100 
 
-40.0 -33.7 -1.333 -1.122 
 
-70.0 68.0 -2.333 2.267 
 
-35.0 -38.3 -1.167 -1.276 
 
-65.0 73.0 -2.167 2.433 
 
-30.0 -43.1 -1.000 -1.436 
 
-60.0 78.0 -2.000 2.600 
 
-25.0 -45.3 -0.833 -1.509 
 
-55.0 82.0 -1.833 2.733 
 
-20.0 -46.4 -0.667 -1.546 
 
-50.0 84.0 -1.667 2.800 
 
-18.0 -50.5 -0.600 -1.682 
 
-45.0 88.0 -1.500 2.933 
 
18.0 -35.3 0.600 -1.176 
 
-40.0 90.0 -1.333 3.000 
 
20.0 -36.1 0.667 -1.202 
 
-35.0 93.0 -1.167 3.100 
 
25.0 -35.1 0.833 -1.169 
 
-30.0 97.0 -1.000 3.233 
 
30.0 -33.0 1.000 -1.099 
 
-25.0 99.0 -0.833 3.300 
 
35.0 -30.2 1.167 -1.006 
 
-20.0 102.0 -0.667 3.400 
 
40.0 -27.5 1.333 -0.916 
 
-15.0 102.0 -0.500 3.400 
 
45.0 -24.1 1.500 -0.802 
 
-10.0 105.0 -0.333 3.500 
 
50.0 -22.1 1.667 -0.736 
 
-5.0 106.0 -0.167 3.533 
 
55.0 -19.3 1.833 -0.642 
 
5.0 107.0 0.167 3.567 
 
60.0 -17.0 2.000 -0.566 
 
15.0 108.0 0.500 3.600 
 
65.0 -14.2 2.167 -0.472 
 
25.0 110.0 0.833 3.667 
 
70.0 -12.8 2.333 -0.426 
 
35.0 112.0 1.167 3.733 
 
75.0 -9.8 2.500 -0.326 
 
45.0 112.0 1.500 3.733 
 
80.0 -7.5 2.667 -0.249 
 
55.0 108.0 1.833 3.600 
 
85.0 -5.7 2.833 -0.189 
 
65.0 103.0 2.167 3.433 
 
90.0 -3.5 3.000 -0.116 
 
75.0 95.0 2.500 3.167 
 
95.0 -0.8 3.167 -0.026 
 
85.0 85.0 2.833 2.833 
 
100.0 1.4 3.333 0.048 
 
95.0 70.0 3.167 2.333 
 
105.0 3.9 3.500 0.131 
 
105.0 53.0 3.500 1.767 
 
110.0 5.7 3.667 0.191 
 
115.0 32.0 3.833 1.067 
 
115.0 8.6 3.833 0.288 
 
118.0 20.0 3.933 0.667 
 
120.0 11.2 4.000 0.374 
 
115.0 13.0 3.833 0.433 
 
125.0 12.6 4.167 0.421 
 
110.0 7.0 3.667 0.233 
 
130.0 15.1 4.333 0.504 
 
55.0 122.0 1.833 4.067 
 
135.0 16.8 4.500 0.561 
 
65.0 125.0 2.167 4.167 
 
140.0 18.7 4.667 0.624 
 
75.0 128.0 2.500 4.267 
 
145.0 20.2 4.833 0.674 
 
85.0 129.0 2.833 4.300 
 
150.0 21.3 5.000 0.711 
 
95.0 129.0 3.167 4.300 
 
155.0 22.5 5.167 0.751 
 
105.0 128.0 3.500 4.267 
 
160.0 24.2 5.333 0.808 
 
115.0 127.0 3.833 4.233 
 
165.0 25.8 5.500 0.861 
 
125.0 126.0 4.167 4.200 
 
170.0 26.5 5.667 0.884 
 
135.0 122.0 4.500 4.067 
 
175.0 28.5 5.833 0.951 
 
145.0 119.0 4.833 3.967 
 
180.0 29.2 6.000 0.974 
 
155.0 118.0 5.167 3.933 
 
185.0 30.9 6.167 1.031 
 
165.0 118.0 5.500 3.933 
 
190.0 32.8 6.333 1.094 
 
175.0 117.0 5.833 3.900 
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195.0 33.4 6.500 1.114 
 
185.0 114.0 6.167 3.800 
 
200.0 34.2 6.667 1.141 
 
195.0 113.0 6.500 3.767 
 
205.0 35.5 6.833 1.184 
 
204.0 111.0 6.800 3.700 
 
210.0 35.4 7.000 1.181 
 
210.0 131.0 7.000 4.367 
 
215.0 32.2 7.167 1.074 
 
215.0 144.0 7.167 4.800 
 
220.0 29.4 7.333 0.981 
 
220.0 152.0 7.333 5.067 
 
225.0 25.4 7.500 0.848 
 
225.0 161.0 7.500 5.367 
 
230.0 22.0 7.667 0.734 
 
235.0 173.0 7.833 5.767 
 
235.0 18.6 7.833 0.621 
 
245.0 180.0 8.167 6.000 
 
240.0 13.9 8.000 0.464 
 
255.0 192.0 8.500 6.400 
 
245.0 12.5 8.167 0.418 
 
265.0 202.0 8.833 6.733 
 
250.0 11.0 8.333 0.368 
 
275.0 209.0 9.167 6.967 
 
255.0 9.1 8.500 0.304 
 
285.0 215.0 9.500 7.167 
 
265.0 6.9 8.833 0.231 
 
295.0 221.0 9.833 7.367 
 
275.0 3.7 9.167 0.124 
 
305.0 226.0 10.167 7.533 
 
285.0 2.2 9.500 0.074 
 
315.0 230.0 10.500 7.667 
 
295.0 0.2 9.833 0.008 
 
325.0 232.0 10.833 7.733 
 
305.0 -0.6 10.167 -0.019 
 
335.0 234.0 11.167 7.800 
 
315.0 -1.6 10.500 -0.052 
 
345.0 238.0 11.500 7.933 
 
325.0 -2.0 10.833 -0.066 
 
355.0 240.0 11.833 8.000 
 
335.0 -3.6 11.167 -0.119 
 
365.0 240.0 12.167 8.000 
 
345.0 -4.0 11.500 -0.132 
 
375.0 239.0 12.500 7.967 
 
355.0 -3.1 11.833 -0.102 
 
385.0 237.0 12.833 7.900 
 
365.0 -3.8 12.167 -0.126 
 
395.0 235.0 13.167 7.833 
 
375.0 -5.5 12.500 -0.182 
 
405.0 233.0 13.500 7.767 
 
385.0 -7.1 12.833 -0.236 
 
408.0 231.0 13.600 7.700 
 
395.0 -8.4 13.167 -0.279 
 
410.0 238.0 13.667 7.933 
 
405.0 -8.0 13.500 -0.266 
 
415.0 248.0 13.833 8.267 
 
415.0 -7.3 13.833 -0.242 
 
420.0 254.0 14.000 8.467 
 
425.0 -6.2 14.167 -0.206 
 
425.0 258.0 14.167 8.600 
 
435.0 -4.4 14.500 -0.146 
 
435.0 268.0 14.500 8.933 
 
445.0 -2.2 14.833 -0.072 
 
445.0 274.0 14.833 9.133 
 
455.0 1.1 15.167 0.038 
 
455.0 278.0 15.167 9.267 
 
465.0 2.6 15.500 0.088 
 
465.0 284.0 15.500 9.467 
 
475.0 5.5 15.833 0.184 
 
537.0 290.0 17.900 9.667 
 
485.0 8.5 16.167 0.284 
 
649.0 324.0 21.633 10.800 
 
495.0 11.8 16.500 0.394 
 
747.0 360.0 24.900 12.000 
 
505.0 13.4 16.833 0.448 
 
828.0 377.0 27.600 12.567 
 
515.0 15.4 17.167 0.514 
 
996.0 467.0 33.200 15.567 
 
525.0 17.5 17.500 0.584 
 
1045.0 472.0 34.833 15.733 
 
535.0 19.8 17.833 0.661 
 
-103.5 0.0 -3.450 0.000 
 
545.0 22.5 18.167 0.751 
 
-103.5 -3.0 -3.450 -0.100 
 
555.0 27.8 18.500 0.928 
 
-103.0 -8.0 -3.433 -0.267 
 
565.0 30.7 18.833 1.024 
 
-101.0 -13.0 -3.367 -0.433 
 
575.0 31.8 19.167 1.061 
 
-100.0 -18.0 -3.333 -0.600 
 
585.0 34.3 19.500 1.144 
 
-98.5 -23.0 -3.283 -0.767 
 
595.0 35.7 19.833 1.191 
 
-97.0 -28.0 -3.233 -0.933 
 
605.0 37.3 20.167 1.244 
 
-94.5 -33.0 -3.150 -1.100 
 
615.0 38.9 20.500 1.298 
 
-92.5 -38.0 -3.083 -1.267 
 
625.0 39.0 20.833 1.301 
 
-91.0 -43.0 -3.033 -1.433 
 
635.0 36.0 21.167 1.201 
 
-87.0 -48.0 -2.900 -1.600 
 
645.0 30.0 21.500 1.001 
 
-81.0 -53.0 -2.700 -1.767 
 
655.0 24.7 21.833 0.824 
 
-79.0 -58.0 -2.633 -1.933 
 
665.0 20.8 22.167 0.694 
 
-74.0 -63.0 -2.467 -2.100 
 
675.0 15.6 22.500 0.521 
 
-70.0 -68.0 -2.333 -2.267 
 
685.0 12.3 22.833 0.411 
 
-65.0 -73.0 -2.167 -2.433 
 
695.0 10.2 23.167 0.341 
 
-60.0 -78.0 -2.000 -2.600 
 
715.0 7.0 23.833 0.234 
 
-55.0 -82.0 -1.833 -2.733 
 
735.0 6.4 24.500 0.214 
 
-50.0 -84.0 -1.667 -2.800 
 
755.0 8.0 25.167 0.268 
 
-45.0 -88.0 -1.500 -2.933 
 
775.0 9.3 25.833 0.311 
 
-40.0 -90.0 -1.333 -3.000 
 
795.0 13.4 26.500 0.448 
 
-35.0 -93.0 -1.167 -3.100 
 
815.0 14.7 27.167 0.491 
 
-30.0 -97.0 -1.000 -3.233 
 
835.0 16.1 27.833 0.538 
 
-25.0 -99.0 -0.833 -3.300 
 
855.0 19.9 28.500 0.664 
 
-20.0 -102.0 -0.667 -3.400 
 
875.0 24.0 29.167 0.801 
 
-15.0 -102.0 -0.500 -3.400 
 
885.0 26.0 29.500 0.868 
 
-10.0 -105.0 -0.333 -3.500 
 
895.0 25.5 29.833 0.851 
 
-5.0 -106.0 -0.167 -3.533 
 
905.0 19.1 30.167 0.638 
 
5.0 -107.0 0.167 -3.567 
 
915.0 15.3 30.500 0.511 
 
15.0 -108.0 0.500 -3.600 
 
925.0 12.5 30.833 0.418 
 
25.0 -110.0 0.833 -3.667 
 
935.0 5.9 31.167 0.198 
 
35.0 -112.0 1.167 -3.733 
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945.0 8.1 31.500 0.271 
 
45.0 -112.0 1.500 -3.733 
 
955.0 15.8 31.833 0.528 
 
55.0 -108.0 1.833 -3.600 
 
965.0 22.5 32.167 0.751 
 
65.0 -103.0 2.167 -3.433 
 
975.0 28.2 32.500 0.941 
 
75.0 -95.0 2.500 -3.167 
 
985.0 33.2 32.833 1.108 
 
85.0 -85.0 2.833 -2.833 
 
995.0 30.8 33.167 1.028 
 
95.0 -70.0 3.167 -2.333 
 
1005.0 23.1 33.500 0.771 
 
105.0 -53.0 3.500 -1.767 
 
1015.0 17.7 33.833 0.591 
 
115.0 -32.0 3.833 -1.067 
 
1025.0 13.9 34.167 0.464 
 
118.0 -20.0 3.933 -0.667 
 
1035.0 11.6 34.500 0.388 
 
115.0 -13.0 3.833 -0.433 
 
1045.0 7.3 34.833 0.244 
 
110.0 -7.0 3.667 -0.233 
      
55.0 -122.0 1.833 -4.067 
      
65.0 -125.0 2.167 -4.167 
      
75.0 -128.0 2.500 -4.267 
      
85.0 -129.0 2.833 -4.300 
      
95.0 -129.0 3.167 -4.300 
      
105.0 -128.0 3.500 -4.267 
      
115.0 -127.0 3.833 -4.233 
      
125.0 -126.0 4.167 -4.200 
      
135.0 -122.0 4.500 -4.067 
      
145.0 -119.0 4.833 -3.967 
      
155.0 -118.0 5.167 -3.933 
      
165.0 -118.0 5.500 -3.933 
      
175.0 -117.0 5.833 -3.900 
      
185.0 -114.0 6.167 -3.800 
      
195.0 -113.0 6.500 -3.767 
      
204.0 -111.0 6.800 -3.700 
      
210.0 -131.0 7.000 -4.367 
      
215.0 -144.0 7.167 -4.800 
      
220.0 -152.0 7.333 -5.067 
      
225.0 -161.0 7.500 -5.367 
      
235.0 -173.0 7.833 -5.767 
      
245.0 -180.0 8.167 -6.000 
      
255.0 -192.0 8.500 -6.400 
      
265.0 -202.0 8.833 -6.733 
      
275.0 -209.0 9.167 -6.967 
      
285.0 -215.0 9.500 -7.167 
      
295.0 -221.0 9.833 -7.367 
      
305.0 -226.0 10.167 -7.533 
      
315.0 -230.0 10.500 -7.667 
      
325.0 -232.0 10.833 -7.733 
      
335.0 -234.0 11.167 -7.800 
      
345.0 -238.0 11.500 -7.933 
      
355.0 -240.0 11.833 -8.000 
      
365.0 -240.0 12.167 -8.000 
      
375.0 -239.0 12.500 -7.967 
      
385.0 -237.0 12.833 -7.900 
      
395.0 -235.0 13.167 -7.833 
      
405.0 -233.0 13.500 -7.767 
      
408.0 -231.0 13.600 -7.700 
      
410.0 -238.0 13.667 -7.933 
      
415.0 -248.0 13.833 -8.267 
      
420.0 -254.0 14.000 -8.467 
      
425.0 -258.0 14.167 -8.600 
      
435.0 -268.0 14.500 -8.933 
      
445.0 -274.0 14.833 -9.133 
      
455.0 -278.0 15.167 -9.267 
      
465.0 -284.0 15.500 -9.467 
      
537.0 -290.0 17.900 -9.667 
      
649.0 -324.0 21.633 -10.800 
      
747.0 -360.0 24.900 -12.000 
      
828.0 -377.0 27.600 -12.567 
      
996.0 -467.0 33.200 -15.567 
      
1045.0 -472.0 34.833 -15.733 
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Experiment No. A2 
  
D/B = 3.0% 
   Pier Diameter D (mm) 30 
  
D/d50 = 59 
   Channel Width B (mm) 1016 
       Water Height  H (mm) 120 
       Median sand grain size d50 (mm) 0.51 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.030 
       Relative Coarseness D/d50 58.8 
       Aspect Ratio H/B 0.118 
       Flow Field Scale H/D 4.000 
       Scour Depth ds 54.4 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-126.0 0.4 -4.200 0.014 
 
-112.5 0.0 -3.750 0.000 
 
-121.0 0.8 -4.033 0.028 
 
-112.5 8.0 -3.750 0.267 
 
-116.0 1.0 -3.867 0.034 
 
-111.5 18.0 -3.717 0.600 
 
-111.0 0.5 -3.700 0.018 
 
-109.0 28.0 -3.633 0.933 
 
-106.0 -1.8 -3.533 -0.059 
 
-104.0 38.0 -3.467 1.267 
 
-101.0 -5.2 -3.367 -0.172 
 
-101.0 48.0 -3.367 1.600 
 
-96.0 -7.7 -3.200 -0.256 
 
-94.5 58.0 -3.150 1.933 
 
-91.0 -11.6 -3.033 -0.386 
 
-84.0 68.0 -2.800 2.267 
 
-86.0 -13.8 -2.867 -0.459 
 
-81.0 72.0 -2.700 2.400 
 
-81.0 -17.2 -2.700 -0.572 
 
-71.0 79.0 -2.367 2.633 
 
-76.0 -19.9 -2.533 -0.662 
 
-61.0 86.0 -2.033 2.867 
 
-71.0 -22.9 -2.367 -0.762 
 
-51.0 93.0 -1.700 3.100 
 
-66.0 -26.6 -2.200 -0.886 
 
-41.0 100.0 -1.367 3.333 
 
-61.0 -28.9 -2.033 -0.962 
 
-31.0 108.0 -1.033 3.600 
 
-56.0 -31.4 -1.867 -1.046 
 
-21.0 112.0 -0.700 3.733 
 
-51.0 -36.4 -1.700 -1.212 
 
-11.0 118.0 -0.367 3.933 
 
-46.0 -39.8 -1.533 -1.326 
 
-1.0 125.0 -0.033 4.167 
 
-41.0 -41.3 -1.367 -1.376 
 
9.0 131.0 0.300 4.367 
 
-36.0 -43.9 -1.200 -1.462 
 
19.0 136.0 0.633 4.533 
 
-31.0 -48.7 -1.033 -1.622 
 
29.0 139.0 0.967 4.633 
 
-26.0 -51.4 -0.867 -1.712 
 
39.0 143.0 1.300 4.767 
 
-21.0 -53.4 -0.700 -1.779 
 
49.0 146.0 1.633 4.867 
 
-19.0 -54.4 -0.633 -1.812 
 
59.0 149.0 1.967 4.967 
 
19.0 -37.6 0.633 -1.252 
 
69.0 154.0 2.300 5.133 
 
24.0 -36.9 0.800 -1.229 
 
79.0 156.0 2.633 5.200 
 
29.0 -36.5 0.967 -1.216 
 
89.0 161.0 2.967 5.367 
 
34.0 -35.7 1.133 -1.189 
 
99.0 164.0 3.300 5.467 
 
39.0 -33.0 1.300 -1.099 
 
109.0 167.0 3.633 5.567 
 
44.0 -30.3 1.467 -1.009 
 
119.0 170.0 3.967 5.667 
 
49.0 -28.4 1.633 -0.946 
 
129.0 173.0 4.300 5.767 
 
54.0 -26.1 1.800 -0.869 
 
139.0 174.0 4.633 5.800 
 
59.0 -23.2 1.967 -0.772 
 
149.0 176.0 4.967 5.867 
 
64.0 -20.6 2.133 -0.686 
 
159.0 178.0 5.300 5.933 
 
69.0 -18.5 2.300 -0.616 
 
169.0 180.0 5.633 6.000 
 
74.0 -16.7 2.467 -0.556 
 
179.0 180.0 5.967 6.000 
 
79.0 -14.7 2.633 -0.489 
 
189.0 179.0 6.300 5.967 
 
84.0 -12.2 2.800 -0.406 
 
199.0 178.0 6.633 5.933 
 
89.0 -10.4 2.967 -0.346 
 
209.0 183.0 6.967 6.100 
 
94.0 -8.9 3.133 -0.296 
 
219.0 188.0 7.300 6.267 
 
99.0 -6.9 3.300 -0.229 
 
229.0 193.0 7.633 6.433 
 
104.0 -4.6 3.467 -0.152 
 
239.0 201.0 7.967 6.700 
 
109.0 -3.0 3.633 -0.099 
 
249.0 206.0 8.300 6.867 
 
114.0 -0.6 3.800 -0.019 
 
259.0 213.0 8.633 7.100 
 
119.0 2.0 3.967 0.068 
 
269.0 219.0 8.967 7.300 
 
124.0 3.9 4.133 0.131 
 
279.0 226.0 9.300 7.533 
 
129.0 5.6 4.300 0.188 
 
289.0 230.0 9.633 7.667 
 
134.0 6.0 4.467 0.201 
 
299.0 238.0 9.967 7.933 
 
139.0 8.4 4.633 0.281 
 
309.0 240.0 10.300 8.000 
 
144.0 10.0 4.800 0.334 
 
319.0 246.0 10.633 8.200 
 
149.0 12.2 4.967 0.408 
 
329.0 248.0 10.967 8.267 
 
154.0 13.3 5.133 0.444 
 
339.0 249.0 11.300 8.300 
 
159.0 15.2 5.300 0.508 
 
349.0 250.0 11.633 8.333 
 
164.0 16.9 5.467 0.564 
 
359.0 254.0 11.967 8.467 
 
169.0 19.0 5.633 0.634 
 
369.0 259.0 12.300 8.633 
 
174.0 20.4 5.800 0.681 
 
69.0 147.0 2.300 4.900 
 
179.0 22.0 5.967 0.734 
 
79.0 144.0 2.633 4.800 
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184.0 23.2 6.133 0.774 
 
89.0 138.0 2.967 4.600 
 
189.0 24.8 6.300 0.828 
 
99.0 133.0 3.300 4.433 
 
194.0 26.0 6.467 0.868 
 
109.0 127.0 3.633 4.233 
 
199.0 27.4 6.633 0.914 
 
119.0 121.0 3.967 4.033 
 
204.0 28.9 6.800 0.964 
 
129.0 109.0 4.300 3.633 
 
209.0 29.7 6.967 0.991 
 
139.0 90.0 4.633 3.000 
 
214.0 30.6 7.133 1.021 
 
149.0 66.0 4.967 2.200 
 
219.0 31.9 7.300 1.064 
 
150.0 54.0 5.000 1.800 
 
224.0 32.9 7.467 1.098 
 
146.0 38.0 4.867 1.267 
 
229.0 33.8 7.633 1.128 
 
140.0 20.0 4.667 0.667 
 
234.0 34.7 7.800 1.158 
 
132.0 8.0 4.400 0.267 
 
239.0 35.9 7.967 1.198 
 
119.0 0.0 3.967 0.000 
 
244.0 36.1 8.133 1.204 
 
379.0 257.0 12.633 8.567 
 
249.0 37.1 8.300 1.238 
 
389.0 262.0 12.967 8.733 
 
254.0 37.8 8.467 1.261 
 
399.0 262.0 13.300 8.733 
 
259.0 38.2 8.633 1.274 
 
409.0 260.0 13.633 8.667 
 
264.0 37.2 8.800 1.241 
 
419.0 259.0 13.967 8.633 
 
269.0 34.2 8.967 1.141 
 
429.0 263.0 14.300 8.767 
 
274.0 31.5 9.133 1.051 
 
439.0 269.0 14.633 8.967 
 
279.0 28.1 9.300 0.938 
 
449.0 274.0 14.967 9.133 
 
284.0 24.5 9.467 0.818 
 
459.0 278.0 15.300 9.267 
 
289.0 19.9 9.633 0.664 
 
469.0 283.0 15.633 9.433 
 
294.0 16.5 9.800 0.551 
 
479.0 288.0 15.967 9.600 
 
299.0 14.3 9.967 0.478 
 
489.0 289.0 16.300 9.633 
 
304.0 11.8 10.133 0.394 
 
499.0 292.0 16.633 9.733 
 
309.0 11.0 10.300 0.368 
 
509.0 295.0 16.967 9.833 
 
319.0 8.8 10.633 0.294 
 
519.0 294.0 17.300 9.800 
 
329.0 7.3 10.967 0.244 
 
529.0 292.0 17.633 9.733 
 
339.0 4.1 11.300 0.138 
 
539.0 295.0 17.967 9.833 
 
349.0 3.1 11.633 0.104 
 
549.0 299.0 18.300 9.967 
 
359.0 0.1 11.967 0.004 
 
559.0 299.0 18.633 9.967 
 
369.0 -1.8 12.300 -0.059 
 
569.0 301.0 18.967 10.033 
 
379.0 -2.0 12.633 -0.066 
 
579.0 303.0 19.300 10.100 
 
389.0 -4.1 12.967 -0.136 
 
589.0 304.0 19.633 10.133 
 
399.0 -5.6 13.300 -0.186 
 
599.0 305.0 19.967 10.167 
 
409.0 -8.9 13.633 -0.296 
 
609.0 305.0 20.300 10.167 
 
419.0 -10.7 13.967 -0.356 
 
619.0 305.0 20.633 10.167 
 
429.0 -13.9 14.300 -0.462 
 
629.0 307.0 20.967 10.233 
 
439.0 -17.2 14.633 -0.572 
 
-112.5 0.0 -3.750 0.000 
 
449.0 -20.6 14.967 -0.686 
 
-112.5 -8.0 -3.750 -0.267 
 
459.0 -22.4 15.300 -0.746 
 
-111.5 -18.0 -3.717 -0.600 
 
469.0 -27.0 15.633 -0.899 
 
-109.0 -28.0 -3.633 -0.933 
 
479.0 -27.5 15.967 -0.916 
 
-104.0 -38.0 -3.467 -1.267 
 
489.0 -28.7 16.300 -0.956 
 
-101.0 -48.0 -3.367 -1.600 
 
499.0 -29.6 16.633 -0.986 
 
-94.5 -58.0 -3.150 -1.933 
 
509.0 -29.0 16.967 -0.966 
 
-84.0 -68.0 -2.800 -2.267 
 
519.0 -29.3 17.300 -0.976 
 
-81.0 -72.0 -2.700 -2.400 
 
529.0 -29.5 17.633 -0.982 
 
-71.0 -79.0 -2.367 -2.633 
 
539.0 -29.8 17.967 -0.992 
 
-61.0 -86.0 -2.033 -2.867 
 
549.0 -29.2 18.300 -0.972 
 
-51.0 -93.0 -1.700 -3.100 
 
559.0 -28.9 18.633 -0.962 
 
-41.0 -100.0 -1.367 -3.333 
 
569.0 -26.8 18.967 -0.892 
 
-31.0 -108.0 -1.033 -3.600 
 
579.0 -25.9 19.300 -0.862 
 
-21.0 -112.0 -0.700 -3.733 
 
589.0 -23.5 19.633 -0.782 
 
-11.0 -118.0 -0.367 -3.933 
 
599.0 -22.6 19.967 -0.752 
 
-1.0 -125.0 -0.033 -4.167 
 
609.0 -21.3 20.300 -0.709 
 
9.0 -131.0 0.300 -4.367 
 
619.0 -19.2 20.633 -0.639 
 
19.0 -136.0 0.633 -4.533 
 
629.0 -16.6 20.967 -0.552 
 
29.0 -139.0 0.967 -4.633 
      
39.0 -143.0 1.300 -4.767 
      
49.0 -146.0 1.633 -4.867 
      
59.0 -149.0 1.967 -4.967 
      
69.0 -154.0 2.300 -5.133 
      
79.0 -156.0 2.633 -5.200 
      
89.0 -161.0 2.967 -5.367 
      
99.0 -164.0 3.300 -5.467 
      
109.0 -167.0 3.633 -5.567 
      
119.0 -170.0 3.967 -5.667 
      
129.0 -173.0 4.300 -5.767 
      
139.0 -174.0 4.633 -5.800 
      
149.0 -176.0 4.967 -5.867 
      
159.0 -178.0 5.300 -5.933 
      
169.0 -180.0 5.633 -6.000 
 141 
 
      
179.0 -180.0 5.967 -6.000 
      
189.0 -179.0 6.300 -5.967 
      
199.0 -178.0 6.633 -5.933 
      
209.0 -183.0 6.967 -6.100 
      
219.0 -188.0 7.300 -6.267 
      
229.0 -193.0 7.633 -6.433 
      
239.0 -201.0 7.967 -6.700 
      
249.0 -206.0 8.300 -6.867 
      
259.0 -213.0 8.633 -7.100 
      
269.0 -219.0 8.967 -7.300 
      
279.0 -226.0 9.300 -7.533 
      
289.0 -230.0 9.633 -7.667 
      
299.0 -238.0 9.967 -7.933 
      
309.0 -240.0 10.300 -8.000 
      
319.0 -246.0 10.633 -8.200 
      
329.0 -248.0 10.967 -8.267 
      
339.0 -249.0 11.300 -8.300 
      
349.0 -250.0 11.633 -8.333 
      
359.0 -254.0 11.967 -8.467 
      
369.0 -259.0 12.300 -8.633 
      
69.0 -147.0 2.300 -4.900 
      
79.0 -144.0 2.633 -4.800 
      
89.0 -138.0 2.967 -4.600 
      
99.0 -133.0 3.300 -4.433 
      
109.0 -127.0 3.633 -4.233 
      
119.0 -121.0 3.967 -4.033 
      
129.0 -109.0 4.300 -3.633 
      
139.0 -90.0 4.633 -3.000 
      
149.0 -66.0 4.967 -2.200 
      
150.0 -54.0 5.000 -1.800 
      
146.0 -38.0 4.867 -1.267 
      
140.0 -20.0 4.667 -0.667 
      
132.0 -8.0 4.400 -0.267 
      
119.0 0.0 3.967 0.000 
      
379.0 -257.0 12.633 -8.567 
      
389.0 -262.0 12.967 -8.733 
      
399.0 -262.0 13.300 -8.733 
      
409.0 -260.0 13.633 -8.667 
      
419.0 -259.0 13.967 -8.633 
      
429.0 -263.0 14.300 -8.767 
      
439.0 -269.0 14.633 -8.967 
      
449.0 -274.0 14.967 -9.133 
      
459.0 -278.0 15.300 -9.267 
      
469.0 -283.0 15.633 -9.433 
      
479.0 -288.0 15.967 -9.600 
      
489.0 -289.0 16.300 -9.633 
      
499.0 -292.0 16.633 -9.733 
      
509.0 -295.0 16.967 -9.833 
      
519.0 -294.0 17.300 -9.800 
      
529.0 -292.0 17.633 -9.733 
      
539.0 -295.0 17.967 -9.833 
      
549.0 -299.0 18.300 -9.967 
      
559.0 -299.0 18.633 -9.967 
      
569.0 -301.0 18.967 -10.033 
      
579.0 -303.0 19.300 -10.100 
      
589.0 -304.0 19.633 -10.133 
      
599.0 -305.0 19.967 -10.167 
      
609.0 -305.0 20.300 -10.167 
      
619.0 -305.0 20.633 -10.167 
      
629.0 -307.0 20.967 -10.233 
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Experiment No. P1 
  
D/B = 11.2% 
   Pier Diameter D (mm) 100.8 
  
D/d50 = 119 
   Channel Width B (mm) 900 
       Water Height  H (mm) 100 
       Median sand grain size d50 (mm) 0.85 
       Flow Intensity U/Uc 0.85 
       Duration t (hr) 48 
       Blockage Ratio D/B 0.112 
       Relative Coarseness D/d50 118.6 
       Aspect Ratio H/B 0.111 
       Flow Field Scale H/D 0.992 
       Scour Depth ds 113.4 
       
          
 
Centreline Profiles (y = 0) 
 
Edge Contour (z = 0) 
 
x (mm) z (mm) x/D z/D 
 
x (mm) y (mm) x/D y/D 
 
-245.4 0 -2.435 0.000 
     
 
-235.4 -3.62 -2.335 -0.036 
     
 
-225.4 -8.75 -2.236 -0.087 
     
 
-215.4 -14.74 -2.137 -0.146 
     
 
-205.4 -20.07 -2.038 -0.199 
     
 
-195.4 -26.18 -1.938 -0.260 
     
 
-185.4 -33.33 -1.839 -0.331 
     
 
-175.4 -39.91 -1.740 -0.396 
     
 
-165.4 -46.29 -1.641 -0.459 
     
 
-155.4 -52.82 -1.542 -0.524 
     
 
-145.4 -58.22 -1.442 -0.578 
     
 
-135.4 -63.78 -1.343 -0.633 
     
 
-125.4 -72.81 -1.244 -0.722 
     
 
-115.4 -78.84 -1.145 -0.782 
     
 
-105.4 -86.48 -1.046 -0.858 
     
 
-95.4 -92.37 -0.946 -0.916 
     
 
-85.4 -99.23 -0.847 -0.984 
     
 
-75.4 -105.36 -0.748 -1.045 
     
 
-65.4 -112.13 -0.649 -1.112 
     
 
-55.4 -113.37 -0.550 -1.125 
     
 
-50.4 -111.12 -0.500 -1.102 
     
 
50.4 -66.5 0.500 -0.660 
     
 
60.4 -68.25 0.599 -0.677 
     
 
70.4 -70.64 0.698 -0.701 
     
 
80.4 -70.12 0.798 -0.696 
     
 
90.4 -66.34 0.897 -0.658 
     
 
100.4 -61 0.996 -0.605 
     
 
110.4 -56.38 1.095 -0.559 
     
 
120.4 -50.51 1.194 -0.501 
     
 
130.4 -45.56 1.294 -0.452 
     
 
140.4 -39.13 1.393 -0.388 
     
 
150.4 -34.38 1.492 -0.341 
     
 
160.4 -28.12 1.591 -0.279 
     
 
170.4 -23.09 1.690 -0.229 
     
 
180.4 -17.17 1.790 -0.170 
     
 
190.4 -14.42 1.889 -0.143 
     
 
200.4 -12.18 1.988 -0.121 
     
 
210.4 -7.12 2.087 -0.071 
     
 
220.4 -2.75 2.187 -0.027 
     
 
226.4 0 2.246 0.000 
     
 
230.4 1.43 2.286 0.014 
     
 
240.4 3.32 2.385 0.033 
     
 
250.4 5.43 2.484 0.054 
     
 
260.4 3.93 2.583 0.039 
     
 
270.4 0.77 2.683 0.008 
     
 
280.4 1.78 2.782 0.018 
     
 
290.4 2.4 2.881 0.024 
     
 
300.4 4.72 2.980 0.047 
     
 
310.4 6.98 3.079 0.069 
     
 
320.4 10.17 3.179 0.101 
     
 
330.4 13.38 3.278 0.133 
     
 
340.4 15.9 3.377 0.158 
     
 
350.4 18.72 3.476 0.186 
     
 
360.4 20.97 3.575 0.208 
     
 
370.4 17.56 3.675 0.174 
     
 
380.4 15.38 3.774 0.153 
     
 143 
 
 
390.4 11.88 3.873 0.118 
     
 
400.4 10.79 3.972 0.107 
     
 
410.4 10.04 4.071 0.100 
     
 
420.4 12.79 4.171 0.127 
     
 
430.4 15.08 4.270 0.150 
     
 
440.4 19.79 4.369 0.196 
     
 
450.4 23.6 4.468 0.234 
     
 
460.4 27.63 4.567 0.274 
     
 
470.4 27.63 4.667 0.274 
     
 
480.4 28.38 4.766 0.282 
     
 
490.4 30.53 4.865 0.303 
     
 
500.4 31.11 4.964 0.309 
     
 
510.4 33.21 5.063 0.329 
     
 
520.4 31.27 5.163 0.310 
     
 
530.4 26.55 5.262 0.263 
     
 
540.4 22.67 5.361 0.225 
     
 
550.4 17.24 5.460 0.171 
     
 
560.4 15.09 5.560 0.150 
     
 
570.4 14.61 5.659 0.145 
     
 
580.4 14.32 5.758 0.142 
     
 
590.4 16.74 5.857 0.166 
     
 
600.4 20.42 5.956 0.203 
     
 
610.4 27.35 6.056 0.271 
     
 
620.4 32.71 6.155 0.325 
     
 
630.4 36.16 6.254 0.359 
     
 
640.4 37.23 6.353 0.369 
     
 
650.4 39.41 6.452 0.391 
     
 
660.4 39.88 6.552 0.396 
     
 
670.4 40.99 6.651 0.407 
     
 
680.4 41.13 6.750 0.408 
     
 
690.4 43.85 6.849 0.435 
     
 
700.4 43.21 6.948 0.429 
     
 
710.4 35.3 7.048 0.350 
     
 
720.4 29.41 7.147 0.292 
     
 
730.4 22.8 7.246 0.226 
     
 
740.4 21 7.345 0.208 
     
 
750.4 19.94 7.444 0.198 
     
 
760.4 18.61 7.544 0.185 
     
 
770.4 19.56 7.643 0.194 
     
 
780.4 19.69 7.742 0.195 
     
 
790.4 22.92 7.841 0.227 
     
 
800.4 26.71 7.940 0.265 
     
 
810.4 29.61 8.040 0.294 
     
 
820.4 33.64 8.139 0.334 
     
 
830.4 37.58 8.238 0.373 
     
 
840.4 39.8 8.337 0.395 
     
 
850.4 42.43 8.437 0.421 
     
 
860.4 43.82 8.536 0.435 
     
 
870.4 43.57 8.635 0.432 
     
 
880.4 42.56 8.734 0.422 
     
 
890.4 41.83 8.833 0.415 
     
 
900.4 39.75 8.933 0.394 
     
 
910.4 33.9 9.032 0.336 
     
 
920.4 29.76 9.131 0.295 
     
 
930.4 26.01 9.230 0.258 
     
 
940.4 23.99 9.329 0.238 
     
 
950.4 21.49 9.429 0.213 
     
 
960.4 20.64 9.528 0.205 
     
 
970.4 19.27 9.627 0.191 
     
 
980.4 19.58 9.726 0.194 
     
 
990.4 21 9.825 0.208 
     
 
1000.4 21.5 9.925 0.213 
     
 
1010.4 23.39 10.024 0.232 
     
 
1020.4 25.12 10.123 0.249 
     
 
1030.4 27.8 10.222 0.276 
     
 
1040.4 31.28 10.321 0.310 
     
 
1050.4 34.3 10.421 0.340 
     
 
1060.4 36.26 10.520 0.360 
     
 
1070.4 35.52 10.619 0.352 
     
 
1080.4 30.44 10.718 0.302 
     
 
1090.4 23.55 10.817 0.234 
     
 
1100.4 18.76 10.917 0.186 
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Appendix C – Compact Disc: Timelapse Videos, Photos of Scour, MS Excel File of 
Experimental Results 
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